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ABSTRACT

A multi-frequency quadrature phase shift keyed (MFQPSK) signal has

been developed at NPS to be used in computer-to-computer communications.

This report discusses the simulation of a MFQPSK signal transmitted

from a moving transmitter platform through a near vertical acoustic channel

as seen by a moored receiver. The simulated received signal is tested against

MFQPSK signal theory. The simulation was developed to be an experimental

tool for testing various Doppler, synchronization, and coding algorithms/ tech-

niques for a MFQPSK communication signal. The degradation of output

signal-to-noise ratio due to Doppler shifts caused by the moving transmitter

is analyzed. An algorithm for estimating Doppler compression/expansion in

the received signal is evaluated.
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I. INTRODUCTION

Data links used in many modern military communication systems re-

quire computer-to-computer communications which transmit bits from one

terminal to another with a low error rate. The communication channel may

be a lowpass channel, if the transmission medium is wire or optical fiber, or a

bandpass channel, if the transmission medium is radio frequency (RF) link or

acoustic channel. The signal used to carry the data bits must be a properly

modulated signal with sufficient energy. It must also be positioned in the fre-

quency spectrum to propagate effectively through the intended medium.

Multi-Frequency Modulation (MFM) is a signal modulation format that is

readily adaptable to a variety of data link scenarios. MFM does not require

special purpose MODEMS to translate between the digital and analog do-

mains and can emulate most existing signal modulation formats as well as

generate entirely new formats. MFM's descriptive language is that of Digital

Signal Processing (DSP) [Ref. 1]. Simulation and analysis of a Naval Post-

graduate School (NPS)-developed MFM signal received through a bandpass

channel is the subject of this thesis.

A. BACKGROUND

Classical modulation methods for bandpass channels use amplitude and/

or phase to carry signal information on a carrier wave in the channel. When

the information source is a finite alphabet, as with data or quantized analog

sources such as digitized speech or video, then only a finite number of signal

I



states are needed to represent or code the source. Phase shift keying (PSK) is

an efficient method for coding these signal states or message [Ref 2].

MFM is a modulation technique that is ideally suited for computer-to-

computer data transmission and reception because its basic structure is one

of time and frequency slots. In MFM, the signals are directly encoded, modu-

lated, decoded, and demodulated using DSP techniques within the host com-

puter. In MFM, signal "packets" located in a given frequency spectrum and

time are created as shown in Figure 1. Figure 1 shows a single signal packet.

Each packet consists of L bauds of K tones. The length of a baud is AT seconds

during which K discrete tones are transmitted. The phase of each tone is the

coded information. These LK subsignals form an orthogonal signal set. Each

subsignal may be independently modulated with phase information.

Dr. P. H. Moose at NPS, in conjunction with the Naval Ocean Systems

Center (NOSC) in San Diego, has developed Multi-Frequency Quadrature

Phase Shift Keying (MFQPSK) signals to be used in high data-rate acoustic

burst communications from moving platforms using medium frequency, rela-

tively wideband (25 percent bandwidths) links [Ref. 1, 31. A simulation of the

MFQPSK signal from a moving platform as seen through a bandpass channel

was needed to analyze and test various Doppler, synchronization, and coding

techniques and/or algorithms before final implementation of the modulation

scheme is actually realized. Thus, the subject of this thesis is the simulation

and analysis of a MFQPSK signal from a moving platform as seen through a

bandpass channel.

2
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Figure 1. MFM Signal Packet (after Ref. 1: p. 3.)

B. OVERVIEW

The NPS-designed MFQPSK signal will be transmitted from a moving

platform. In Chapter II a simple model of the moving transmitter platform's

dynamics is developed; its performance is compared to actual track data. This

model is implemented in the simulation.

A mathematical description of the transmitted signal and the design

parameters of the MFQPSK signal are introdu-cd in Chapter III. The channel

parameters which delay and compress/expand this transmitted signal and

which characterize the received signal, the additive Gaussian noise which is

3



addea to the received signal after sampling, and the final simulated sampled

received signal are derived and presented in Chapter III.

Once the simulation was complete, testing and analysis was performed.

First, the simulation was tested against MFQPSK signal theory to insure

that the simulated received MFQPSK signal is consistent with theory. The

simulated received signal should be consistent with theory so that the simu-

lation may be used as an experimental tool for testing v~riuus Doppler, syn-

chronization, and coding algorithms. Chapter IV consists of this analysis and

simulation results.

Second, the amount of residual Doppler mismatch which the signal can

tolerate due to the moving transmitter was analyzed. Chapter V proides the

analysis of the output signal-to-noise ratio degradation due to the Doppler

mismatch. Then, in Chapter VI, an estimation of the Doppler compression

factor within a baud is derived using the Discrete Fourier Transform of a re-

ceived signal's baud. The simulated outcome of this estimated Doppler versus

the Doppler due to the moving transmitter within a baud is also illustrated in

Chapter VI.

In the simulation, the actual Doppler compression/expansion factor due

to the dynamics of the moving transmitter is computed; therefore, it is

known. The start time of the signal reception is also known; thus, the signal

is always perfectly synchronized in the simulation.

4



II. MOVING TRANSMITTER PLATFORM DYNAMICS AND
BEAM PATTERN

A. BACKGROUND

Since it is assumed that the MFQPSK signal will be transmitted from a

moving platform, provision must be made at the receiver to compensate for

Doppler shifts. The Doppler shift factor is computed based on the geometry in

the simulation using the radial velocity of the moving transmitter relative to

the stationary receiver. The complete set of equations for the Doppler shift

factor is presented in the next chapter. The radial velocity is the derivative

with respect to time of the slant range to the receiver. Realistic slant range

values are necessary to compute realistic Doppler shift factors. Slant range is

computed using the time-varying x-position, y-position, and z-position of the

transmitter relative to the receiver.

B. ACTUAL TRACK DATA VS. SIMULATED TRACK DATA

To realistically model the dynamics of the moving transmitter, actual

track data was provided by NOSC. The parameters that were given in the

actual track data were x-position, y-position, z-position, and slant range rela-

tive to the receiver. A simple random walk model was used to model the track

data. This model assumes the transmitter is moving along a straight line

with random fluctuations in the x, y, and z velocity components. Figures 2

through 7 illustrate how well the random walk model corresponds to the

actual track data on six different runs. The z-position seems to consistently

have the largest error. The largest error in the z-position is 25 feet, (see

5
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I
Figure 6b). Note that the z-position graphs have a smaller vertical scale than

the x- and y-position graphs. Ideally, since the transmitter is attempting to

maintain a constant depth, the location should not fluctuate much in the

z direction as was the case in Run 5 shown in Figure 6b. However, overall

there is little error for these six runs in the model output for the slant range;

therefore, tha random walk model was considered to be an adequate model of

the transmitter's dynamics for the purpose of simulating Doppier shifts, time

delays, and propagation losses of the MFM acoustic communication signal.

C. TRANSMITTER PLATFORM DYNAMICS MODEL

The following three equations are the random walk model used to simu-

late the transmitter's dynamics. The names of the variables used in the simu-

lation are the same as those used in the 3quations below. When applicable,

the parameters from Figure 1, which are printed in boldface, are equated to

their simulation variables, printed in capital letters. The dynamics model is

described by:
X(LL) = X(LL-1) + (VX(LL) * DELT(LL)) (1)

Y(LL) = Y(LL-1) + (VY(LL) * DELT(LL)) (2)

Z(LL) = Z(LL-1) + (VZ(LL) * DELT(LL)) (3)

The slant range to the receiver is computed using the following equation;

R(LL) = (X(LL) 2 + Y(LL) 2 + Z(LL)2 )0.5 (4)

where,

X(LL): The position of the transmitter relative to the receiver in the x
direction during the LLth baud

Y(LL,): The position of the transmitter relative to the receiver in the y
direction during the LLth baud

18



Z(LL): The position of the transmitter relative to the receiver in the z
direction during the LLth baud

R(LL): Slant range of the transmitter relative to the receiver during

the LLth baud

LL = 1: The baud number of the transmitted signal

DELT(LL) = AT: The LLth baud length in seconds

VX(LL): The velocity in the x direction during time DELT(LL). VX(LL) is
Gaussian distributed with mean = VXAVG and variance =
VXVAR. VXAVG and VXVAR are input by the user.

VY(LL): The velocity in the y direction during time DELT(LL). VY(LL) is
Gaussian distributed with mean = VYAVG and variance =
VYVAR. VYAVG and VYVAR are input by the user.

VZ(LL): The velocity in the z direction during time DELT(LL). VZ(LL) is
Gaussian distributed with mean = VZAVG and variance =
VZVAR. VXAVG and VXVAR are input by the user.

Note: LL and 1 are used interchangably throughout.

The rectangular coordinate system of the transmitter's motion is relative

to the receiver. The origin (0, 0, 0) is perpendicular to the receiver in the

plane of the transmitter (the x-y plane) as shown in Figure 8.

D. TRANSMITTER BEAM PATTERN

If the receiver is not within the transmitter's transmission beam, then

the message will not bc received. The simulation does not use the actual

beam pattern of the transmitter; therefore, it does not know if the receiver is

within the beam pattern. The simulation assumes the receiver is within the

transmitter's beam the entire time of transmission (i.e., from the beginning of

the first signal packet to the end of the last signal packet).

19



TRANSMITTER PLANE
(x-y PLANE)

. [ 0,0,TRANSMTTER

Figure 8. Coordinate System of the Transmitter and Receiver

The angle between the transmitter's slant range and z-position relative

to the receiver is computed and output graphically by the simulation. This

angle, THETAD(LL) in the simulation, is

THETAD(LL) = arccos( abs(Z(LL)) / R(LL) ) * (180.0 / P) (5)

where PI = 3.141592654. Figure 9 illustrates the geometry of the line of sight

angle, THETAD(LL) = e, and THETAO = 00, the half beam width of the

transmission beam.

The simulation user can graphically observe the value of THETAD(LL)

for each baud and determine for a given THETAO if the receiver would

actually be able to receive the transmitted signal. The simulation does not

20



stop if THETAD(LL) is greater than the input half beam width of the trans-

mitter, THETAO, but a warning message is output to the screen. The initial

position (XO, YO, ZO) and THETAO are inputs to the simulation.

TRANSMITTER PLANE
(x-y PLANE)

(0,0,0 TRANSMIrrER

4W +x
R(LL) C

f. Z(LL)

Figure 9. Geometry of the Transmission Beam
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III. DERIVATION OF THE SIMULATED RECEIVED
MFQPSK SIGNAL

A. DESCRIPTION OF THE TRANSMITTED MFQPSK SIGNAL

Referring to Figure 1, the following definitions are used in MFQPSK

[Ref. 1]:

T : Packet length in seconds

AT: Baud length in seconds

kX : Baud length in number of samples (not in Figure 1)

L: Number of bauds per signal packet

At: Time between samples in seconds

ix = 1 / At: Sampling frequency in Hz

Af = 1 / AT: Minimum frequency spacing between MFM tones in Hz

K: Number of MFM tones in a baud

1: Baud number

k: Harmonic number of the MFM tone

Olk : Symbol or phase on the kth tone of the 1th baud

Since At = AT / k., the sampling frequency is fx = kx * Af. Consequently

there are a maximum of k,/2 tones spaced Af Hz apart in frequency covering

the range from 0 Hz to f,/2 Hz. Here f./2 is the Nyquist frequency [Ref. 2].

The K tones carry the phase information during each baud. The relationship

between fi, the ith frequency, and ki, the ith harmonic, is ki = fi / Af. Some of

the tones may not be used (i.e., their amplitudes are set equal to zero) during

any or all bauds of the packet. To generate the transmitted bandpass signals

22



between frequencies f1 and f2 , only tones between harmonics kl = fj / Af, the

minimum harmonic number or tone, and k2 = f2 / Af, the maximum tone, will

be given non-zero amplitudes. The harmonic numbers less than kl and

greater than k2 are given zero amplitudes. The number of tones in a baud is

K = k2 - ki + 1. These K contiguous tones are transmitted with non-zero am-

plitudes. The signal bandwidth is W = K * Af. Thus, the time bandwidth

product of the entire signal packet is TW = L * AT * Af * K = LK, which is the

total number of symbols that can be sent in one signal packet.

A mathematical description of the transmitted MFQPSK signal is neces-

sary to understand some of the parameters used to simulate the received

MFQPSK signal. The 1th baud of the transmitted signal is described by:
k
2

xI (u) = Xlk (u) ;0< u< AT (6)
k=k1

where Xlk(u) = Alk cos( 2n k Af u + Olk ) [Ref. 1]. Here, u is time referenced to

the beginning of the baud. Actual real time is t = t o + (lAT) + u where t o is

the time at the beginning of the 0 th baud (i.e., the beginning time of the first

signal packet).

The discrete time signal corresponding to the Ith baud is generated by

sampling (6) at the sampling intervals At = 1/f. Thus, the discrete time signal

is given by:
k 
2

x, (n) =I Xlk (n) "0; < n5 (k x-1) (7)
k=k1
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where xlk(n) = Alk cos( (2n k n) / kx + 4 lk ). Here, n is discrete time refer-

enced to the beginning of the baud.

Note that a baud interval of time AT seconds contains exactly k cycles of

tone k. Therefore, adjacent tones differ by one in the number of cycles they

generate during a baud.

The phase, 0lk, may be given one of the four values n/4, 3X/4, -3n/4, or

-7rJ4, which are in quadrants 1 through 4 respectively. These four values make

up the symbol set used to code the information or message on the signal. The

simulation variable for (D1k is PHI(LL,K).

The design parameters used in the MFQPSK signal designed and devel-

oped by Dr. P. H. Moose at NPS are listed in Table I. These parameters are

for a signal packet in a 16 to 20 KHz bandpass channel. These parameters

are also used in the simulation to uniquely characterize a chosen baud type

(i.e., baud types 1 through 5). The simulation variables in capital letters are

equated to the parameters they represent. Recall that LL = 1, the baud

number.

B. TIME DELAY AND COMPRESSION/EXPANSION OF THE

TRANSMITTED SIGNAL

When the MFQPSK signal is transmitted, there are various factors

which can affect the signal such as a moving transmitter, the channel or the

medium, and the receiver. In the simulation, these parameters are computed

and applied to the transmitted signal, thus producing a model of the received

signal baud. By delaying and compressing/expanding the signal in time, the

frequencies of the transmittedsignal are shifted in the received signal. Some
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TABLE I

DESIGN PARAMETERS FOR SIGNAL PACKET
IN A 16-20KHZ BANDPASS CHANNEL

BAUD TYPE: 1 2 3 4 5

AT = DELT(LL) 1/240 1/120 1/60 1/30 1/15
(sec)

Af= DELF(LL) 240 120 60 30 15
(Hz)

k= KMIN(LL) 68 135 269 537 1073

fl (Hz) 16320 16200 16140 16110 16095

k 2 = KMAX(LL) 83 166 332 664 1328

f2 (Hz) 19920 19920 19920 19920 19920

kx = KX(LL) 256 512 1024 2048 4096

fx (Hz) 61440 61440 61440 61440 61440

of the parameters or variables, which delay and compress or expand the

transmitted signal in time, are illustrated in Figure 10 for the Ith baud.

Recall xj(u) is the lth baud of the transmitted signal, which is described

by (6). In Figure 10, x(u) and y1(u) are represented with a rectangle for illus-

tration purposes only. Recall x1(u) is the superposition of xlk(u), for kl<k<k 2 ,

over a total of K tones. The frequency of xlk(u) is

0ok = (ox * (k / kx) (8)
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Figure 10. The ith Baud of the Transmitted Signal Delayed and
Dilated in Time

where cox = 2nr f and fx is the sampling frequency of the transmitted signal.

Table I lists the values of these parameters and the applicable variables

which are used in the simulation.

When xlk(u) propagates through the transmitter system, it may be

delayed by the transmitter system electronics. In the simulation, this delay is

denoted by Tk = TAUK(K), and is a constant for all k. (In the simulation,

TAUTK(K) may be set to a constant or to any known function of k.) Acoustic

transmission of x(u) begins at u =rk and ends at u = AT + k.

When the signal, xj(u - tk), leaves the moving transmitter, it is delayed

and compressed or expanded in time due to the movement of the transmitter

and the distance it travels through the channel to the receiver. (The time
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delay introduced by the electronics of the receiver has not been included in

the simulation.) This time delay and compression/expansion factor will be re-

ferred to as £(u). Derivation of £(u) is presented in Appendix A. The time

delay and compression/expansion factor due to the medium is described by

£(u) = (t1 + a1u) / (1 + cxl) (9)

where

i= The time for the Ith baud of the transmitted signal to travel through
the channel and arrive at the output of the receiver.

al = The Doppler compression factor due to the moving transmitter
platform.

The parameters, Tl and al, depend on the slant range to the receiver,

R(LL), and the speed of sound of the acoustic channel, C(LL), for the Ith baud.

Recall R(LL) is computed using equation (4). The speed C(LL) is Gaussian

distributed with mean = CO and variance = CVAR. The parameters CO and

CVAR are input by the simulation user. The parameters, t 1 and ccl, are

related to R(LL) and C(LL) in the following manner:

= TAUL(LL) = R(LL) / C(LL) (10)

and
al = ALPHA(LL) = R(LL) / C(LL) (11)

where
(LL) [(X(LL) * VXAVG) + (Y(LL) * VYAVG) + (Z(LL) * VZAVG)]

R(LL) (12)

Recall X(LL), VXAVG, Y(LL), VYAVG, Z(LL), and VZAVG were described in

the previous chapter with equations (1) through (3). TAUL(LL) and
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ALPHA(LL) are the simulation variables for Tl and a,, respectively. When the

transmitted signal, xl(u - tk), arrives at the receiver output, it is compressed/

expanded in time by £ (u).

The received signal is
k 2

Yl(u)=I Ylk(u) ;u 1 -5u <_u 2

1k 
(13)

where

Ylk(u) = Fik Alk cos(2n k Af (u - 1k - £(u)) + (ik), (14)

and Flk is the attenuation of tone k due to the propagation through the

channel. The signal, yl(u), will begin at time ul and end at time u 2 . The

signal, xl(0), transmitted at time u = 0 is the same signal, yl(ul), that arrives

at the receiver at time ul; and likewise, the signal, xI(AT), transmitted at time

u = AT is the same signal, y1(u2 ), which arrives at the receiver at time u 2 (see

Figure 10). Since it is the same signal, the times that this signal arrives at

the output of the receiver may be equated to the corresponding times that

this signal was sent to yield

u=(1 + a, ) Tk + 1 (15)

and

u 2 = (1+ al ) AT + (1 + al)tk +tl • (16)

It is obvious that yj(u) is also a superposition of signals, Ylk(u). However,

ylk(u) is at frequency aok', where

Ok' = O / (1 + a) (17)
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due to the moving transmitter. At the receiver, y(u) will be sampled at

o, = o0x / (1 + am) (18)

where am is the Doppler factor associated with the mth Doppler channel. If

a, = m, then the frequencies of the received signal are exactly in the center of

Doppler channel m. However, in general, al will fall between Doppler

channels and there will be some residual Doppler mismatch a, - am. If the

channels are spaced at intervals Aa, then the maximum mismatch will be ±

Aa/2. In the following section, a derivation for the spacing of the Doppler

channels Aa is presented.

C. DOPPLER ESTIMATION AND DOPPLER CHANNELS

Several processing approaches were considered for estimating the chan-

nel model parameters. However, the ultimate goal is to send a signal through

a bandpass channel using MFQPSK modulation on a succession of bauds

which constitute a signal "packet". In the presence of white noise, the opti-

mum receivers for these signals are filters matched to each of the tone/phase

combinations. Recall the four phases are {x4, 3n/4, -3r/4, -n/4) for a MFQPSK

signal. Therefore, a filter matched to the transmitted signal with lk = n/4

will have a positive output when n/4 is sent, a negative output when -3n/4 is

sent, and an output of zero when 3/4 or -n/4 is sent, provided that the

receiver is synchronized with the signal. Similarly, the output of a filter

matched to the transmitted signal with phase equal to 3U4 is positive when

3n/4 is sent, negative when -n/4 is sent, and zero otherwise. Also filter pairs

matched to the ith frequency of the transmitted signal, fi = kiAf, produce zero

outputs for all phases at the frequency f = kjAf when ki # kj.
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To summarize, a matched filter system for MFQPSK signals with K

tones and baud length AT = 1/Af consists of K pairs of filters, one filter of each

pair matched to phase n/4 and the other filter of the pair matched to phase

31r/4. Each filter pair output demodulates the phase information encoded on a

particular tone.

Since the maximum Doppler shift will be present on the highest fre-

quency or tone in the baud, the response of the filter pair matched to this tone

will be analyzed to show how the Doppler channel spacing, Aa, is derived and

how am is computed in the simulation.

Let hi(u) and hq(u) be the filters matched to the signals:

xlk 2 ,i(u) = Alk 2cos(27t k2 Afu + 7T4) ; 0 < u < AT (19a)

and
Xlk 2 ,q(U) = Alk2 cos(27 k2 Afu + 3U/4) ; 0 5 u < AT. (19b)

where the indices i and q denote in-phase and quadrature phase, respectively.

Thus, hi(u) and hq(u) are described as follows:

hi(u) = 2 cos(27 k2 Af (AT - u) + n/4) ; 0 5 u < AT (20a)

and

hq(u) =2 cos(27rc k2 Af (AT - u) + 3U/4) ; 0 < u < AT. (20b)

Now the received signal from equation (14), given 7r4 is the phase of the tone

k2 , is

Ylk 2(u) = FIk2Alk 2cos(27E k 2 Af(u - Tk2 - £(u)) + x/4) ; uI < u < u2  (21)

The received signal, given 3n/4 is the phase of the tone k2, is similar to (21)

with %lk = 37/4 instead of n/4 as above.
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As illustrated in Figure 11, the output of the matched filter pair, in gen-

eral, is the convolution of h(') and Y1k(t) given by

t
max

Zlk,i (u) = f hi (r) Ylk (u - ) dt

0 (22a)

and

max

Zlkq (u) = j hq (C) Ylk (u - T) d-,

0 (22b)

where Tmax - u2 " ul. Evaluating (22a) and (22b), the following expressions

are obtained for the output of the matched filter pairs due to tone k2 :

max
Zlk2, i (u) = Flk2Alk2 f cos [2nk2Aftu - £(u -'c) -'k2- AT) dT

0 (23a)

and

Tmax

Zik2,q (u) = Flk2Alk2 f sin [2nk 2 Afu - - t) - k2- AT) d'

0 (23b)
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Figure 11. Matched Filter Pair for Tone k2

Inserting equation (9) for £(u) in the above two equations yields

max

ZIk 2i(u) = Fk 2Alk 2 f cos [(2nk 2 Af) (u-t 1 + alT - (1+Cx) (k 2+ AT)) (1+a 1) -1] dT

0 (24a)

and

max

Zlk 2 ,q (u) Flk2Ak2f sin [(27rk 2 Af) (u-t1 + C 'l - (l+a l ) (Tk2 + AT) (1+cx) 1] dt
0 (24b)

Recall that the received signal arrives when u1 __ u ! u 2 with

u 1 =[(1+al)Ck+]landu 2 =[(1+ aJ)AT+(1+al)Tk+tl]

Also recall from the previous section that a1 is the Doppler compression/

expansion factor due to the moving transmitter. Note that for a I _5 0, Tmax -

u 2 - u 1 _ AT and for ax1 > 0, Emax = u 2 - u1 > AT. Using t max = AT / (1+a1l) for

the upper limit in the integration in the convolution integrals (24a) and (24b),

will not affect the integrals significantly because al is of the order 10-3;

therefore, dividing by (1+ a1) is very close to dividing by 1.
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Sampling Zlk 2 ,i(u) and Zlk 2 ,q(U) at u = u2 and evaluating their integrals

in (24a) and (24b) from 0 to Tmax yields

sin [21ck 2CY

'ik2,i(u) 1 u=u2 = flk2Alk2 AT (1+a 1) 2 k2a - Zlk2 (Cl)2 U= 2  1 2 1k 41(25a)

and
(1-cos [2k2al])

Z (u) I u=u = FIk Alk AT (1+a I ) - k = Zlk, q (al )
k2  2 2 2 2ik 2a1  (25b)

The total power, Plk, in the kth tone of the lth baud is one-half the ampli-

tude, FIkAlk, of the received signal squared. That is

FIkAlk = (2 P1k)0 .5 .  (26)

Also assume 1+a l = 1; therefore, AT (1+-al ) is approximately equal to AT. With

these substitutions, equations (25a) and (25b) become

0.5 (sin [2nk2 al])
k i (a) = Pk) AT A

27 2 nk~al(27a)

and

k 0.5 (1-cos [2nk 2CYl)Zkq (a l = (Pk) AT 2t
2 2 21, (27b)

A graph of Zk 2 ,i(al) and Zik 2 ,q(a l) from (27a) and (27b), respectively, is shown

in Figure 12.
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Figure 12. Matched Filter Outputs Versus Doppler Shift

Note that at ot. = 1/(4 k2 ), I Zlk 2,i I = I Zlk 2 ,q I; this is illustrated in Figure

12. This means that the response of the in-phase and quadrature channels

are equal even though an in-phase r/4 symbol was sent; therefore, a signifi-

cant decoding error would be made if oa = 1/(4 k2 ). It is obvious that, at al = 0,

Zlk 2,i(0) is maximum and Zlk 2 ,q(O) is zero; in which case, no decoding errors

would be made. The ratio of Zlk2 ,i to Zlk 2 ,q below, evaluated for various al's

less than 1/(4 k2 ), produces the maximum width of the Doppler channels, Aa.
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The ratio is described by:

Zlk2,i sin(2nk 2 a l )

Zlk2 1q - cos(2 Ak2  )2' (28)

For al = 1(16 k2 ), the ratio above is _> 5.03 which is 14 dB. This is called inter-

symbol separation.

The value of 14 dB was considered the minimum amount of inter-symbol

separation to be tolerated. Recall that the maximum amount of Doppler

mismatch is al-am=+Aa/ 2 . Therefore, Aa, the Doppler channel spacing,

is equal to 1/(8 k2 ) and the magnitude of the maximum amount of

residual Doppler mismatch is Aa/2 = 1/ (16 k2 ), where am is the Doppler

factor associated with the mth Doppler channel. In the simulation,

Aa = DELALF(LL) = 1I(8*KMAX(LL)).

Solving al - am =4- Aa/2 for am, yields

am = al ± Aa/2 , (29)

where am, the Doppler factor due to the mth Doppler channel, is equal to

m Aa. Substituting am=m Aa into (29) yields the following expressions for the

lower bound, m1 , and upper bound, m2 , of m, the Doppler channel number as

m1 = (al / Aa) - 0.5 (30a)

and

m 2 = (al / Aa) + 0.5. (30b)
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Since m is an integer between m, and m2 , it is computed as

m = int[(m1 + m2)/2. (31)

In the simulation, m = M(LL) and is computed using (31); and

a m = ALPHAM(LL) = M(LL) * DELALF(LL).

D. THE ATTENUATION FACTOR DUE TO AN ACOUSTIC
CHANNEL

When the transmitted signal, xlk(u - tk), travels through the medium or

channel, its amplitude will be attenuated by a factor Flk due to the channel.

In the simulation, the user has the input option to have this attenuation

applied to the received signal or to let all the received signal tones have equal

amplitudes. The quantity AA(LL,K) is the amplitude of the ith baud and kth

tone of the simulation's received signal. If the user chooses to have equal

amplitudes, then AA(LL,K) is set equal to 1 for all LL and all K. If the user
desires the attenuation to be put on the received signal, then AA(LL,K) = Flk,

which is computed below.

In general, the transmission loss depends on frequency, depth, pressure,

and temperature. However, when specific propagation conditions are of no
interest and only a rough approximation of the transmission loss is adequate;

the spherical-spreading law plus an added loss due to absorption is equal to

the transmission loss [Ref. 4]. Therefore, the transmission loss in dB is

TL = (20 loglo R) + P R (32)
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where

R is the depth of the receiver from the surface in feet and

0 is the attenuation coefficient due to absorption in dB per foot.

Thus, the following expression for Flk is used in the simulation:

Flk = 10 -(TL'20). (33)

The attenuation coefficient, [, is described by [Ref. 4]

1= + f2  (0.000275) + 0.003 (3000) 11 + f2 4.100 +f-
(34)

where
f = (k Af) / 1000 in kilohertz.

This expression applies for a temperature of 39 0F (40C), which is an average

seawater temperature, and a depth of about 3000 feet. The constant 0.003 is

added to take care of the attenuation at very low frequencies [Ref. 4]. In the

simulation, ABSORP = 3.

The absorption of seawater decreases by about 2 percent for every in-

crease of 1000 feet in depth [Ref. 4]. Note in the simulation, the transmitter is

at a depth of 1000 feet below the ocean's surface. This depth is set with the

simulation variable TXDEP. Thus, the receiver is R = TXDEP + Z(LL) below

the ocean's surface. TXDEP is not an input of the simulation; therefore, to

change TXDEP from 1000, one must change TXDEP in the simulation code.

The simulation computes P using equation (34), then increases P by 2 percent

for every 1000 feet that the receiver's depth exceeds 3000 feet from the
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ocean's surface or decreases A by 2 percent for every 1000 feet that the

receiver's depth is less than 3000 feet from the ocean's surface.

E. THE SAMPLED RECEIVED SIGNAL WITHOUT NOISE

The received signal, yl(u), is sampled at an interval

Au = [AT (1 + am)] / k. . (35)

(Recall wOy = 2n k x / [(1 + am) AT], (18), is the sampling frequency.) The

parameters AT and kx are defined in section A. The Doppler factor, a.m=m Aa,

associated with the mth Doppler channel was derived in the previous section.

The first sample will be taken at (l1, which is the best estimate of u l , the be-

ginning or synchronization point of the lth baud at the receiver. This is illus-

trated in Figure 13. The synchronization error of the 1th baud is Aul=ul-fij.

The simulation variable names for the above parameters are uj=U1,

fil=UHAT1, and Aul=DELU1.

The sampled received signal for the lth baud is (13) with u = nAu + U-1.

When fil = ul, the sampled received signal for the Ith baud is (13),

Yl(n) = Y (nAu+ul) = lylk(nAu+ul) ; 0 n x - 1)
k=k1  (36)

where

Yik(nAu + u1) = FlkAlkcOs[2nk Af(n Au - (£(n Au + u1) - £(ul))) + 01k]. (37)

Substituting (9) for £(u) and computing £(n Au + u1 ) - £(u 1 ) yields

£(n Au + ul)- £(u1 ) = (a 1 n Au) / (1 + a,). (38)
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Figure 13. The Sampled Receiver Output

Now substituting Au = [AT (1 + am)] / kx into (38) produces

£(n Au + ul)- £(u 1) = [a n AT (1 + am)] / kx (1 + al). (39)

Collecting the results from (39) and nAu = [n AT (1 + am)] / kx together and

substituting them into (37) yields the following sampled received signal for

the ith baud and kth tone:

Ylk(n) = FlkAlk cos[(2nk/k x ) ((l+am) / (l+al)) n + 4 k]. (40)

If a factor Vik is added to n to account for random timing jitters of the Ith baud

and kth tone due to synchronization error, then (40) becomes

Yik(n) = FlkAlk cos[(2nk/k x ) ((l+am) / (1+al)) (n - vik) + 0lk] (41)

for0<n<(kx - 1),
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where

Au1 kxNlk - A la)
VAT (am) (42)

Finally summing (41) over all the tones in the Ith baud gives

k2

Yl(n ) = 1 Ylk (n )  ;0<n<(kx-1)
k=k1 k~kl (43)

Summarizing, (41) is the final computational form of the received signal

which is denoted by YY in the simulation. The received signal, YY, is then

summed over all the k's for each baud from KMIN(LL) to KMAX(LL) to yield

YRX in the simulation, which is yl(n) above. In the simulation, all the packets

are contiguous. The continuous sampled received signal is YYRX(II) where II

ranges from 0, which is the first sample of the first baud (LL=I) in the first

packet, to NPTS, which is the last sample of the last baud (LL = BDTOTL =

the total number of bauds) in the last packet. YYRX(II) is equal to YRX plus

NOISE with all the packets contiguous and the bauds within each packet

contiguous, where NOISE is white Gaussian noise added to the received

signal. NOISE, which depends on the input signal-to-noise ratio (SNR), is

described in the next section.

F. SIGNAL PLUS ADDITIVE NOISE

Inevitably noise will be added to the signal, either from the environment,

the electronics, or both. This noise is assumed to be additive white Gaussian

noise. Since it is assumed that the received signal, y(u), has been ideally
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bandlimited to one-half the sampling frequency, there is no power in

frequencies greater than or equal to fx/2. Recall that the signal is sampled at

the transmitter at fx. If w(u) is white noise and has the white power spectral

density equal to N,/2, then

E [ w(u)]= E [ w(n)]= 0 (44)

and

y2 = VAR[ w(u)] = VAR[ w(n)] = No fx/2, (45)

where w(n) is the white noise sequence [Ref. 1].

Let the receiver input SNR be defined as the signal power in bandwidth

W divided by the noise power in bandwidth W. The a, erage tone signal power

in the Ith baud is defined as
k 2

PAVG I = (1/K) JPIk

1k (46)

where Plk is the total power in the kth tone of the 1th baud. (Recall that K is

the total number of MFM tones in the 1th baud.) Therefore, the wideband

input SNR for the lth baud [Ref. 1] is

SNRWB1 = (K PAVGj) / (W NO) = PAVGl / (Af NO) = PAVG1 kx / (2 a12), (47)

because Af = fx / kx and N. = (2 Y12) / fx. The narrowband input SNR for the

1th baud is
SNRNBl = Plk / (Af NO) = Plk kx / (2 a12 ). (48)

Note that if all the tones have equal amplitudes (i.e., AA(LL,K) = 1), then

PAVGj is equal to Plk; in which case, SNRWB l = SNRNBI.
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Solving (47) for cr2 yields

k2

2 = [(IK) Plk]kx /(2 SNRWBI)

k~kl (49)

Recall Plk = (AAlk 2 ) / 2, where AAlk is the amplitude of the kth tone and Ith

baud of the received signal. In the simulation, NOISE is added to the received

signal, yi(n) = YRX, which is white Gaussian noise with zero mean and vari-

ance = 0Y2 computed in (49). A single input wideband SNR is input by the

simulation user for all bauds, 1. The following simulation variables are used

for the above parameters:

a1
2 = NOSVAR(LL),

K = KPTS(LL),

AAlk = AA(LL,K),

kx = KX(LL), and

SNRWB1 = SNRIN.

42



IV. TESTING THE SIMULATION AGAINST MFQPSK THEORY

A. BACKGROUND

The purpose of developing this simulation was to create an experimental

tool to test and analyze various Doppler, synchronization, and coding tech-

niques and/or algorithms to support the implementation and testing of an

MFQPSK acoustic link. Before the simulation could be used in this capacity,

it had to be tested against MFQPSK signal theory. There was no actual test

data to use for comparison; therefore, tests were performed to verify that the

simulation output, the received signal, agrees with the theory of MFQPSK

signals. It is anticipated that the simulation will be tested further when

actual test data is available.

It has been shown that, in theory, the output SNR (SNROUT) equals the

input narrowband SNR (SNRNBIN) for MFQPSK signals in additive white

Gaussian noise memoryless channels that are demodulated coherently with a

Discrete Fourier Transform (DFT) [Ref. 1]. The results of testing the simula-

tion's ability to reproduce this result are described and presented below.

B. THE TESTING METHODOLOGY

The following approach was taken to verify that the simulation performs

at an acceptable level (i.e., SNROUT = SNRNBIN). A set of 5 signal packets

were generated with the simulation with a given input wideband SNR

(SNRWBIN). Each packet contained a single unique baud type; therefore,

each simulation run consisted of the 5 different baud types. Referring to

Table I, the 5 different baud types are
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Baud Type 1: 256 sample points,

Baud Type 2: 512 sample points,

Baud Type 3: 1024 sample points,

Baud Type 4: 2048 sample points, and

Baud Type 5: 4096 sample points.

Recall from Chapter III that if all the tones have the same power within a

baud (i.e., the amplitudes of tones within a baud are all equal), then the input

wideband SNR is equal to the input narrowband SNR for that baud. All the

runs used for this analysis were produced with normalized amplitudes within

each baud. The phases that were transmitted were generated randomly by

the computer code.

It is known that the minimum input SNR required to accurately decode

MFQPSK is approximately 15 dB. This analysis considered input narrowband

SNRs from 0 to 20 dB. The initial conditions for the transmitter's position

and velocity were chosen from the NOSC track data. These initial conditions

are

X0 = -5.0 feet, VXAVG = 1.0 ft/sec, VXVAR = 0.0025 (ftsec)2 ,

YO = 5.0 feet, VYAVG = 5.4 ft/sec, VYVAR = 0.0025 (ft/sec)2 ,

ZO = -5400.0 feet, VZAVG = 0.0 ft/sec, and VZVAR = 0.0025 (ft/sec)2 .

The initial conditions for the speed of sound was CO=4900 ft/sec and CVAR=0.

Note the transmitter was placed almost directly above the receiver to reduce

the amount of Doppler shift in the received signal. A description and

examples of the simulation inputs and outputs are presented in Appendix B.
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An average output SNR was estimated for each baud using the real and

imaginary parts of the received signal's DFT. A kx-point DFT was performed

on each baud of the received signal to decode the phase of the received signal.

(The real and imaginary parts of the received signal's DFT contain the phase

information sent on each of the tones between harmonic numbers k, and k2

in each baud.) If Olk = n/4 was transmitted (which is in the first quadrant),

then the received signal DFT's real and imaginary parts should be locatea in

the first quadrant (i.e., the real and imaginary parts shonld be positive).

Likewise, for a transmitted phase angle of 3n/4, -3r/4, or -n/4 the received

signal's DFT phase angle (i.e., real and imaginary parts) should lie in the

second, third, or fourth quadrant, respectively. The conditional distributions

within each baud were produced by categorizing the DFT's real and imagin-

ary parts on a tone-by-tone basis given the phase that was transmitted on

each tone between harmonic numbers k1 and k2 . There are two distributions

of the received signal DFT in each of the four quadrants, a distribution of the

real part and one of the imaginary part. The real and imaginary parts are

statistically independent [Ref. 1].

For example, in baud type 5 there are 4096 samples of the 256 tones en-

coded with phase information between harmonic numbers k 1=1073 and

k2 =1328. There should be approximately 64 (i.e., one fourth of 256) tones

transmitted and received in each quadrant because the four transmitted

phases were generated randomly from a uniform distribution. The distribu-

tion of each DFT component should be close to a Gaussian distribution.

Oncc the DFT of K tones in each baud were conditionally partitioned by

knowing the transmitted phase (i.e., quadrant) into the four quadrants, then
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the sample mean and variance were computed on each of 4 real part distribu-

tions and each of the 4 imaginary part distributions. The sample means are,

Ri and Ii, where the subscript i denotes the quadrant number. The sample

means for each quadrant in a baud are

N.

Ri = (1Ni) R Ri for i =1, 2, 3, or 4
j=1  (50)

and
N.

I. = (1/N i) II.. fori=1, 2,3, or4
j=1 (51)

where

Ni = the number of times the phase corresponding to quadrant i was
sent in that baud

Rij = the jth real part of the received signal's DFT corresponding to a
harmonic number that was transmitted with phase in quadrant i

ij= the jth imaginary part of the received signal's DFT correspond-
ing to a harmonic number that was transmitted with phase in
quadrant i.

The sample variances of a given quadrant in a baud are

N.
S 2 = [ 1N-1( 2a~i [1/N')] X(Rij" Ri)2

j=l i(52)

and

Ni
S 2 = RAN(Nil)] 1(

j=l (53)
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The output SNRs for the ith quadrant within a baud were estimated by the

sample mean squared divided by the sample variance as follows [Ref.1]

SNROUTR,i =(R:) 2 / , i R~i(54)

and
SN OU ' i = (i) 2 / S2I i .( 5

The mean squared value of the real and imaginary parts of the DFT is a mea-

sure of the signal power received in that quadrant. The variance of the real

and imaginary parts is a measure of the noise received in that quadrant.

These values form an estimate of the output SNR. Appendix C contains the

statistics for the real and imaginary distributions of each of the four quad-

rants and the overall statistics for each baud.

To derive an estimate of the output SNR for each baud, the real and

imaginary distributions of each quadrant were averaged over all four quad-

rants. There were 2K points in the overall mean and in the overall variance

due to the K real parts and K imaginary parts. SNROUT is the overall mean

squared divided by the overall variance. Figure 14 is a plot of SNROUT ver-

sus the input narrowband SNR, where SNROUT is described by

SNROUT =

4±[N 2) S+N 1) Si) 4(2 N) )(6

(56)
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estimate (56), because, if they are not used, the overall mean will always be

close to zero. This is due to the fact that the eight sample means are

approximately equal in magnitude, but four have opposite signs due to their

quadrant location.
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C. RESULTS

If the simulation results agree with the MFQPSK theory, then the input

narrowband SNR should equal the output SNR. As can be seen in Figure 14,

baud types 2, 3, and 4 agree within one dB with the MFQPSK theory. The

longest baud, baud type 5, and the shortest baud, baud type 1, produce esti-

mated output SNRs that are within two dB of the input SNR. As the input

SNR increases, it can be observed from Figure 14 that the output SNRs for

baud types 1 and 5 converge towards the value of the input SNR.

In conclusion, the output SNR is approximately equal to the input nar-

rowband SNR; therefore, the simulation reproduces what the MFQPSK the-

ory predicts.
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V. OUTPUT SNR DEGRADATION DUE TO DOPPLER

A. BACKGROUND

When the MFQPSK signal is transmitted from a moving platform,

Doppler will shift the received signal's frequencies. The received signal (at

frequency Ok', (17),) is sampled at oy, (18), baud by baud. In general, a l , the

time Doppler compression/expansion factor, does not equal am, the Doppler

factor set for the mth Doppler channel; hence, there will be some Doppler mis-

match. This mismatch will cause degradation in the output SNR.

The output SNR degradation versus the Doppler mismatch was simu-

lated and compared to theory. If inter-symbol interference (ISI), which is

energy leaking from one tone to the next tone, is negligible, then the output

SNR should degrade due to the Doppler mismatch as sinc(n&/4) from (27a)

where E = ccl/Acx. Derivation of the theoretical degradation and the comparison

to the simulation results follows.

B. ANALYSIS APPROACH

The simulation was run several times. Each run generated one signal

packet with an input narrowband SNR = 15 dB. (The values of 15 dB is con-

sidered to be the minimum input SNR required to decode the MFQPSK

signal.) A packet consisted of five bauds of baud type 3 (i.e., kX = 1024 points

and K = 64 tones). Baud type 3 was chosen based on the results of the

simulation versus MFQPSK theory in the previous chapter. Recall that baud

type 3 was in close agreement with the theory of MFQPSK signals (i.e.,

SNROUT = SNRNBIN). The Doppler channel, m, was set to zero for all the
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packets. If m = 0, then a1 - am = al - m Aa = a1 . Thus, by increasing a1, the

amount of Doppler mismatch increases.

Each packet was generated with a different fixed value of al = e Aa,

where c was fixed at 0, 0.25, 0.5, 0.75, 1.0, ..., 2.5, 2.75 and Aa = 11(8k2). There

were 12 packets generated, one for each value of e. The phases in the pass-

band of each baud were selected randomly in the simulation. The initial con-

ditions on the transmitter position and velocity and the speed of sound were

the same as used in the earlier simulation analysis of the previous chapter.

For each baud, the conditional statistics based on knowing the transmit-

ted phase (i.e., quadrant) and an estimate of the output SNR (56) were com-

puted with the method described in the previous chapter. A packet's
A

estimated output SNR, SNROUT(e), is simply the average of the estimated

output SNR's from each of the five bauds within that packet. SNROUT(e) is

5

SNROUT(c) = (1/5) SNROUT(s)
i~ 1 (57)

Theoretically, if ISI is neglected, the output SNR, SNROUT should de-

grade due to Doppler, al, from (2Pai) as (SNRIN sinc2(2n k2 al)). Substituting

c = E Aa = c / (8 k2 ) yields

SNRou T = SNRIN + 20 loglo [sin(7wJ4)/(rJ4)] (58)

where SNROUT is in dB. For this analysis, the input SNR, SNRIN, was equal

to 15 dB. SNROUT() and SNROUT were plotted versus E to compare the

simulation results with the theoretical degradation for an input SNR of 15 dB

(see Figure 15).
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C. RESULTS AND CONCLUSIONS

There is a significant difference between the simulation results and

theory as shown in Figure 15. It was speculated that this difference is due to

ISI. As al1 increases, the tones "smear" into adjacent tones (i.e., ISI). To prove

whether or not the difference was due to ISI, the analysis was repeated with

an input SNR of 5 db. By lowering the input SNR to 5 dB, the signal level is

not much higher than the noise level within the band; therefore, symbol inter-

ference from adjacent tones is at about the same level as the noise level of
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that tone. The noise level of each tone, at SNRIN = 5 dB, did not increase as

much relative to increases in al as when SNRIN = 15 dB; thus, the output

SNR at a given tone should not degrade as rapidly as al increases. Figure 16

is a plot of the theoretical degradation and the simulation results for both

input SNR's (5 and 15 dB). By examining Figure 16 one can see that, indeed,

the output SNR at 5 dB degrades at a much slower rate than the output SNR

at 15 dB. The statistics of each packet for both 5 and 15 dB input SNR on a

baud by baud basis are presented in Appendix D.

The analysis of the simulation results for 15 and 5 dB seemed to sub-

stantiate that ISI can not be neglected. An estimate and correction of Doppler

shift may be used to reduce the ISI and lessen the output SNR degradation at

higher SNRIN'S. An estimate of the Doppler shift can be fed back into the re-

ceiver sampling system to compensate for the Doppler shift.
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VI. A DOPPLER ESTIMATE FOR FINE CORRECTIONS

A. BACKGROUND

The Doppler shifts due to the moving transmitter should be estimated so

that they can be removed from the received signal in the receiver system to

reduce the errors in decoding the MFQPSK signal. One technique for estimat-

ing the Doppler compression/expansion factor was examined. An adaptation

of a Doppler estimation method recently proposed for ordinary QPSK [Ref. 5]

was developed for use with MFQPSK and is the subject of this chapter.

B. IMPLEMENTATION OF THE DOPPLER ESTIMATION

This Doppler estimation method approximates the Doppler time

compression/expansion factor within a single baud. To implement this esti-

mator, several simulation runs were produced. A simulation run consisted of

a single packet. In each packet, five bauds of baud type 3 (i.e., kx = 1024

points and K = 64 tones between harmonics 269 and 332) were generated

with randomly selected phases. The initial conditions of the transmitter's

position and velocity are the same as used in the simulation versus MFQPSK

theory in Chapter IV. Each packet was generated with m, the Doppler

channel number, equal to zero (i.e., am = 0, which means the residual Doppler

mismatch, a I - am, is equal to a,) and a fixed a = a, = £ Act where £ is between

0 and 1.5 and Aa = 1/(8k 2 ). For this analysis (using baud type 3), k 2 is 332;

therefore, Aa = 1/2656. Recall a = al is the Doppler compression/expansion

factor. A set of runs or packets were produced for four different input
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narrowband SNR's (10, 15, 20, and 40 dB). The amplitudes for all the packets

were normalized (i.e., AA(LL,K) = 1 for all LL and K).

Comparison of the phase for a given tone in the first half of a baud to the

phase of the same tone in the second half of the baud yields an estimate of the

Doppler compression/expansion factor within that baud. If there is no Doppler

shift and no noise on the signal, the corresponding phases from the first and

last half of the baud should be equal. The following method was used to

compute a1 which is an estimate of the Doppler compression/expansion factor

within the 1th baud. To obtain the phases of the first and second half of the

received signal's baud, a 512 (i.e., k./2) point DFT was taken on the first 512

points of the baud and another 512 point DFT was taken on the last 512

points of the baud. Note that, when the bauds were generated with the simu-

lation, the odd tones within the passband (harmonics between 269 and 332)

were zeroed out by setting their amplitudes to zero (all the harmonics outside

the passband are always zero). If the odd harmonics in the passband are not

zero, then the output of the DFT's of the first and last halves of the baud will

have interference between harmonic numbers because 112 of an odd harmonic

does not produce an integer harmonic, causing an extra half cycle of signal

between the harmonics, k', of the 512 point DFT's. With an ideal received

signal (i.e., no noise and no Doppler), if the odd harmonics in the passband

are nonzero, the corresponding phases of the harmonics of the first and last

half of the baud will not be equal due to the interference of the signals

between each harmonic in the 512 point DFT's.

A Doppler estimate, al, was then computed for each baud by averaging

the differences between the received signal's phi -es from the first half and
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the received signal's phases from the second half of the baud. Thus, the

Doppler compression/expansion factor estimate for a baud is

Aa, = [1/(K/2)] Z [PHASE of (S2*(k') S(k'))/(2rk')

k' (59)
where,

S2*(k') = Conjugate of the DFT of the second half of the baud

Sl(k') = The DFT of the first half of the baud
k'= A harmonic number of the first and second half DFT's

(Note k' = k/2, where k are the harmonics of the original
kx point DFT of the baud.)

K = The number of MFM tones in the original baud.

AAn average Doppler estimate , a , was calculated for each packet by averaging

the five Doppler estimates, a, within each packet and was plotted versus a

for each of the four input SNRs (see Figure 17). Appendix E contains the

estimates and statistics for each packet at each input SNR.

C. RESULTS AND CONCLUSIONS

From the analysis for a = al between 0 and 1.5 Aa, a does not estimate a

accurately for input SNRs less than 15 dB. Recall that an input SNR = 15 db

is the minimum for successfully decoding this MFQPSK signal. At an input

SNR of 15 dB, a estimates x well for a between 0 and 0.8 Aa; and for input

SNRs of 20 dB or greater, a estimates a for a between 0 and Aa. These

results are shown clearly in Figure 17.

The estimate a is not acceptable for large Doppler shifts (i.e., Doppler

shifts > Ax); therefore, this Doppler estimation/correction method may only be

used for fine corrections of Doppler within a received signal baud and Doppler

channel, where the maximum Doppler mismatch is ± A/2. Note from

Figure 17 that the estimation is perfect for 0.5 Aa.
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VII. CONCLUSIONS AND RECOMMENDATIONS

A numerical code to simulate a MFQPSK signal received from a moving

transmitter through a bandpass channel has been developed. It resides

presently on the NPS IBM mainframe computer. The simulation is written in

FORTRAN 77 and the code is included in Appendix F.

The model of the transmitter platform dynamics in the simulation is lim-

ited to straight line motion with random fluctuations. Actual transmitter

platforms have motion in the pitch, yaw, and roll planes too and thus a six-

degree-of-freedom model may be more realistic for future studies of platform

motion effects on MFQPSK signalling.

The simulation should be tested further with actual test data to ensure

that it produces a realistic received signal. Validation with actual test data

may show that other channel characteristics or parameters which have not

been considered in the simulation are important and must be included.

An important discovery of the simulation was that the output SNR

degradation due to Doppler shift was primarily due to ISI. ISI cannot be

neglected; therefore a theoretical analysis of ISI should be developed to real-

istically analyze MFQPSK in the presence of Doppler.

The Doppler estimation/correction method analyzed and presented in

chapter VI only appears useful to remove small Doppler shifts (i.e., for fine

adjustments only). Analysis of methods to remove larger Doppler shifts (i.e.,

coarse adjustments) across several bauds or a packet should be performed for

MFQPSK signals.
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Synchronization error estimation and correction has not yet been

addressed with this simulation, but should be in the future.

This NPS developed MFQPSK signal has been implemented in hardware

by T. Gantenbein and Dr. P. H. Moose using differential phase coding [Ref. 6].

It is conjectured that with differential coding the Doppler shifts, ISI, and syn-

chronization errors wil'l not affect the received signal as significantly as they

affect the individually phase coded signal which is the coding technique

presently implemented in the simulation. Therefore,the differential phase

coding should be coded in the simulation. Doppler, ISI, and synchronization

estimation'Icorrection methods should be studied that are compatible with dif-

ferential phase coding.
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APPENDIX A

DERIVATION OF £(u)

Given the model of the channel's time delays below in Figure 18, assume

x(u) is a superposition of N impulses;

N
X(U) A E i 8 (u'ui)

(60)

FIXED ELAY:TIME VARYING
X(U) DELAY: , (U

Figure 18. Time Delay Model of Channel

An impulse sent at time u = 0 arrives at y at time tk + Tl + U]Tk. There-

fore, the output signal from the channel Y(Tk + 1 + aIlTk) is the impulse x(0);

that is, y(Tk + T1 + 0alTk) = x(O). An impulse sent at time AT arrives at the

output of the channel at time

AT + tk +T] + cx(AT + 1k). (61)

Therefore, the output signal from the channel

y(AT + Tk + T) + aI(AT + tk)) (62)
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which is the impulse x(AT); is

y(AT + tk + tl + al(AT + tk)) = x(AT) (63)

Now letting

u = AT + tk + tl + al(AT + Tk) (64)

which can be rewritten as

u = AT(1 + al) + Tk(1 + al) + tl, (65)

then solving for AT yields

AT =((u-TIl) / (1 + l) ) -tk = u -tk- ((Tl + alu) / (1 + al)). (66)

Thus,
y(u) = x( AT) =x( u- Tk- ((Tl + alu) / (1 + al))) (67)

or
y(u) = u - 1k - £(u)) (68)

where

£(u) = ((l + alu) / (1 + a])). (69)
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APPENDIX B. AN EXAMPLE OF A SIMULATION RUN

A. INPUT FROM THE SCREEN

PLEASE ENTER THE INITIAL POSITION XO,YO,ZO (FT)
OF THE RECEIVER RELATIVE TO THE TRANSMITTER ...

XO = -10.0000 YO = 20.0000 ZO = -6000.000

ENTER THE TRANSMITTER"S VELOCITY AVERAGE AND VARIANCE
IN THE X, Y, Z-DIRECTIONS (FT/SEC) AND (FT/SEC) *2 ...
(I.E. VXAVG, VXVAR, VYAVG, VYVAR, VZAVG, VZVAR)

VXAVG = 2.00000000 VXVAR = 0.500000007E-01
VYAVG = 4.00000000 VYVAR = 0.499999896E-02
VZAVG = O.O00000000E+00 VZVAR = 0.249999994E-02

ENTER THE AVERAGE SPEED OF SOUND IN FT/SEC
AND THE VARIANCE IN (FT/SEC)*X2 ...

CO = 5000.00000 CVAR = 0.O00000000E+00

EMTER THE TRANSMITTER"S DOWN LINK TRANSMITTED
HALF BEAM WIDTH ANGLE (DEG) ...

THETAO 4.00000000

DO YOU WANT NORMALIZED AMPLITUDE FOR THE RECEIVED SIGNAL?
PLEASE ENTER 1:YES OR 0:NO ...

IAMP = 1

EHTER THE # OF PACKETS IN THE TRANSMITTED SIGNAL ...
hPAKS = 2
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THIS PROGRAM ENCODES A QPSK MULTIFREQUENCY SIGNAL.
THE PHASES ARE SHOWN BELOW FOR ONE FREQUENCY ...

2 1

3 4

SELECT ONE OF THE FOLLOWING METHODS FOR ENCODING
THE PHASES FOR EACH FREQUENCY FOR EVERY BAUD
WITHIN EACH PACKET ...

ENTER ...
1: THE PROGRAM RANDOMLY SELECTS ALL THE PHASES

FOR ALL 2 PACKETS
2: YOU INDIVIDUALLY SELECT THE PHASES

METHOD = I

ENTER THE BAUD TYPE # CORRESPONDING TO THE FOLLOWING
BAUD LENGTH FOR PACKET NUMBER: 1 ...

1 " BAUD LENGTH (DELT) = 1/240 SECONDS
2 BAUD LENGTH (DELT) = 1/120 SECONDS
3 : BAUD LENGTH (DELT) = 1/60 SECONDS
4: BAUD LENGTH (DELT) = 1/30 SECONDS
5 : BAUD LENGTH (DELT) = 1/15 SECONDS

BDTYPE(1) 1

ENTER THE NUMBER OF BAUDS IN PACKET NUMBER: 1
NBAUDS(1) = 1

ENTER THE BAUD TYPE # CORRESPONDING TO THE FOLLOWING
BAUD LENGTH FOR PACKET NUMBER: 2 ...

1 : BAUD LENGTH (DELT) = 1/240 SECONDS
2 " BAUD LENGTH (DELT) = 1/120 SECONDS
3 : BAUD LENGTH (DELT) = 1/60 SECONDS
4 BAUD LENGTH (DELT) = 1/30 SECONDS
5 : BAUD LENGTH (DELT) = 1/15 SECONDS

BDTYPE(2) 2

ENTER THE NUMBER OF BAUDS IN PACKET NUMBER: 2 ...
NBAUDS(2) 1
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WOULD YOU LIKE THE DISCETE FOURIER TRAIISFORM
OF THE OUTPUT SIGNAL ? (ENTER 1:YES OR 0:NO)

IDFT I

WOULD YOU LIKE THE DFT OUTPUT WINDOWED ?
ENTER 1:YES OR O:NO ...

IWNDOW 1 1

PLEASE ENTER THE DESIRED INPUT WIDE BAND
SIGNAL-TO-NOISE RATIO IN DB ...

SNRDB 15.0000
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B. LIST OUTPUT TO DISK FILE 30

48
LL K PHI(LL,K) IPHI
1 68 -0.785 4
1 69 0.785 1
1 .70 0.785 1
1 71 2.356 2
1 72 -2.356 3
1 73 -2.356 3
1 74 -2.356 3
1 75 -0.785 4
1 76 2.356 2
1 77 -0.785 4
1 78 2.356 2
1 79 0.785 1
1 80 -0.785 4
1 81 0.785 1
1 82 0.785 1
1 83 -2.356 3
2 135 -0.785 4
2 136 -2.356 3
2 137 -2.356 3
2 138 2.356 2
2 139 -2.356 3
2 140 2.356 2
2 141 -0.785 4
2 142 -0.785 4
2 143 0 .785 1
2 144 -0.785 4
2 145 2.356 2
2 146 -0.785 4
2 14 7 2.356 2
2 148 0.785 1
2 149 0.785 1
2 150 0.785 1
2 151 -2.356 3
2 152 -0.785 4
2 153 -0.785 4
2 154 2.356 2
2 155 -2.356 3
2 156 2.356 2
2 157 2.356 2
2 158 -2.356 3
2 159 2.356 2
2 160 2.356 2
2 161 0.785 1
2 162 2.356 2
2 163 2.356 2
2 16q -2.356 3
2 165 -2.356 3
2 166 2.356 2
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OFT INPUT DATA FOR BAUD # 1
N REAL PART IMAG PART
0 0.200484E+01 O.000000E+O0
1 -. 291531E+01 0.000000E400
2 -. 122278E+01 O.OOOOOOE+00
3 0.225909E+01 O.OOOOOOE+O0
4 0.176306E+01 O.OOOOOE+O0
5 -. 118927E+01 O.OOOOOOE+O0
6 -. 218088E-01 O.000000E400
7 -. 235837E+00 O.00000OE400
8 -. 613874E+00 O.OOOOOOE00
9 0.194238E+ol O.OOOOOOE+00
10 -. 130624E+01 0.000000E400.
11 -. 342880E+00 O.00000E+O0
12 0.207660E+01 0.000000E+00
13 -. 329895E+00 0.000000E+00
14 -. 369812E+ 0 O.000000E400
15 0.348756E+01 0.O00000EO00
16 0.125413E+01 O.OOOOOE+O0
17 -. 4B5057E+01 0.O00000E+O0
18 0.209897E+01 0.O00000E+00
19 0.725176E+01 0.O00000E+00
20 -. 267107E+01 O.OO0000E¢O0
21 -. 327209E+01 O.000000E+00
22 0.502687E+01 O.OOOOOE+00
23 -. 287833E+01 O.O00000E+00
24 -. 696552E+01 O.O00000E+00
25 0.376308E+01 0.OOOOOE+00
26 0.269107E+01 O.OOOOOOE+00
27 -. 425671E+01 0.00000GE400
28 -. 142092E+O1 0.000000E00
29 0.417586E+01 O.O0000OE400
30 -. 685801E+00 0 .OOOOOE+O0
31 -. 910082E-01 0O.00000E+00
32 0.237153E+o1 0.O00000E+O0
33 O.686129E+Do O.o0DDOOE+O0
34 -. 128562E+01 0.00000E+O0
35 0.271385E+0 0 O.000000E+00
36 0.1320qE+01 0.OOOOOOE+O0
37 0.122637E+o0 0.O00000DEO0
38 0.156954E+01 0.O00000E+00
39 -. 215876E+01 0.O0000OOE400
40 -. 159364E+00 0 OOOOOOE+O0
41 0.q065(4E+Ol 0.0000DOE400
q2 0.115762E+01 0.OOOQOE+O0
q3 -. 2753q5E+O1 0.O00000E+O0
4 0.252170E+01 0O00000E400
45 -. 110620E+O1 0.000000E+oo
q6 -. 378736E+00 O.O0000E+00
47 0.253587E+01 0.O00000E+00
q8 -. 494906E+O0 0.000000E+O0
q9 -. 336929E+01 0.00OODOE+oo
50 0.299053E401 0.O00000E+O0
51 -. 839522E+00 0.O00000E+00
52 -. 154595E+01 O.O00000E+O0
53 -. 102779E+01 0.OOODOOE+00
54 0.128035E+01 0.0000OOE400
55 -. 365980E400 0.000000E400
56 -. 550356E401 0 .00000E+O0
57 -. 28139E400 0.000BOE400
58 0.125277E+01 0.O00000E+O0
59 -. 697582E+00 0.00000: O0
60 0.705833E+00 0.OOOOOOE+O0
61 0.133619E401 00000OOE400
62 0.229186[400 0.000000[400
63 -. 356922E400 0.OOOOOOE+00
64 0.646179E+00 0.OOOOOOE+O0
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65 0.413470E+01 0.OOOOOOE+oo
66 -.175258E+01 0.OOOOOOE400
67 -.939483E+00 0.000000E400
68 0,279167E+00 O.OOOOOOE+oo
69 -.211374E+00 0.OOUOOOEfoo
70 0.749620E+0U0-000000OE+00
71 0,227079E+01 0.OOOOOOE0oo
72 0.169964E+01 0.OOOOOOE+oo
73 -.360312E+01 O.OOUOOOE+00
74 0.181549E+01 0.OOOOOOE*00
75 0.192265E+01 0.OOOOOOE+oo
76 -.243610E+01 0.OOOOOOE+oo
77 -.571788E+00 0.OOOOOOE+oo
78 0.171358E+01 0OOODOOE+00
79 -.227510E+01 0.OOOOOOE400
80 0.154184E+01 0.OOOOOOE+oo
81 0.240438E+01 0.OOIJOOOE400
82 -.142191E+01 O.000000E+oo
83 -. 171134E+01 0.OOOOOOE+00-
84 0.349656E+01 O.OOOOOOE+00
85 -.214113E+01 0.0OOOOOE+oo
86 0.219070E+01 O.000000E+00
87 0.363189E+01 0.OO0OOOE+00
88 0.713565E+00 0.000000E+00
89 -.240271Ef01 0.0000000+00
90 0.625637E+00 O.OOOOOOE+00
91 0.177416E+01 0.0000000+00
92 -.543617Ef01 0.000OOOE0OO
93 0.517214E+01 0.000000E+00
94 0.379215E+01 U0OOOOE+00
95 -.540784E+01 0.000000E400
96 0.4280q7E+01 0.000000E+00
97 0.534627E+01 0.0000000.00
98 -.433480E+01 0.000000E+00
99 -.320334E+00 0.0000000+00

100 0.5044500+01 0.000000E+00
101 -.394i8680+01 0.0000000+00
102 -.180450E+01 0.OOOOUOE+00
103 0.731280E+01 0.0000000+00
104 -.358992E+01 0.0000000+00
105 -.684641E+01 0.000000E+00
106 0.478245E401 0.000000E00
107 0.3537090+01l 0.000000E+00
108 -.7382400401 0.-0000OOEf00
109 0 .855238E400 0.-0000OOE400
110 0.565053E401 0.0000O0E400
Ill -.466334E+01 0.0000000400
112 -.202646E401 0.-OOOOOOEfOO
113 0.4169270+01 0.0000000+00
114 0.9439010400 0.0000000
115 -.129363E+01 0.0000000+00
116 -.182671E+00 0.000090E+00
117 0.31l41960401 0.0000000+00
118 -.6414270+00 0-000000E+00
119 -.229205E+01 0.000000E+00
120 0.894737E-02 0.0000000+00
121 -.208729E4-01 0.0000000+00
122 0.127ci76EI01 0.OOOOOOE400
123 0.1892700101 0.0000000400
124 0.827031E400 0.0000000400
125 -.1804240+01 0.000000E+00
126 0.181878E-01 0.0000000+00
127 0.73833'E+00 0.0000000+00
128 0.130366E0l 0.0000000400
129 0.626684E+00 0.0000000400
130 0.200011E+01 0.000000E400
131 -.176676F+01 0.000000E400
132 -.184777E+01 0.0000000+00
133 0.305751E'01 0.0000000+00
134 -.4157540400 0.0000000400
135 -.3566740401 0.0000000+00
136 0.429929E+01 0.000000E+00
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137 0.331470E401 O.O0000OOE400
138 -.48q753E+O1 0.00000OE+O0
139 -.127909E+01 O.OOOOOOE+O0
140 0.602902E+01 0.O0000OE+0O
141 0.847187E-0l 0.000000E+00
142 -.353355E+01 O.O00000E+OU
l43 0.508767E+01 O.OOOOOOE+O0
14 0.3e1302E+01 0.OO000OOEOO
145 -.246052E+01 0.O00000E+00
146 0.850205E+00 O.OOOOOOE+00
147 0.319615E+01 O.00000E+00
148 -.407688E+01 O.OOOOOOE+00
149 -.112038E+00 O.OOOOOOE+00
150 0.436206E+01 O.O00000E+00
151 0.205910E+01 O.000000E400
152 -.242958E+01 O.OO00O0E+O0
153 0.360312E+01 O.OOOOOOE+00
154 0.238491E+O1 0.000000E+O0
155 0.885219E+00 O.OOOOOOE+00
156 - 307407E+01 0.000000E+O0
157 0.230542E+O1 O.OOOOOOE+oO
158 0.173215E+01 O.OOOOOOE+0O
159 -.932735E+00 O.OOOOOOE+O0
160 0.963823E+00 O.O000E+00
161 0.19323qE+01 O.O00000E+O0
162 0.574894E-01 0.000000E+00
163 -.168030E+01 0.000000E+00
164 0.330895E+01 0.00000OE+00
165 -.280785E+01 0.000000E400
166 -.376674E+01 0.000000E+O0
167 0.258334E+01 0.00000OE0O0
168 0.592477E+00 O.O00000E+00
169 -.41950E+01 O.O00000E+00
170 0.111468E+01 0.000000E+00
171 0.271280E+01 0.000000E+00
172 -.502696E+01 O.O00000E+00
173 -.321339E+01 0.000000E+00
174 0.732952E+01 0.O00000E+00
175 -.217458E+01 O.O00000E+O0
176 -.501133E+01 0.000000E+00
177 0.301020E+01 ,000000E+00
178 0.179601E401 0.O0000OOE0Q
179 -.189239E+01 O.00000DE+00
180 0. 346009E401 0.OOOOOOE+00
181 -.109039E+01 0,000000E+00
182 -.391839Ef00 0.00000E+00
183 0.417718E+00 O.OOOOOE+O0
18q -.272576E+01 O.OOOOOGE+O0
185 -.153335E+01 0.OOOOOOE+00
186 0.36OqlOE+01 O.O00000E+00
187 -.250186E+00 O.OOOOOOE+00
188 -.513401E+01 O.O00000E40O
189 0.468323E+O 0.000000EtO0
190 0.310899E+01 O.OOOOOOE+00
191 -.44(665E+01 0.000000E+0O
192 -.127312E+01 O.OOOOOOE+00
193 0.250906E01 O.O0OOO0E+O0
194 -.666326E400 0.O0000OE400
]95 -. 13489 7 E+01 O.OOOOOOE00
196 0.570884E+01 O.O00000E+00
197 -.896835E-01 O.OOOOOE+00
198 -.293430EO01 0.000000E400
199 -.239388EI01 0.O00000EIO0
200 -.312660EIUU O.O000OOEfO
201 0.871717E400 0 .0000OOE+ O
202 -.115026E401 0.O0000OOE400
203 -3'441%4E+01 0OO00000E-O0
204 0.286601E+01 0.00000E+O0
205 0.451813E401 0O00000E+00
2U6 -.516C09101 0 00000E400
207 -.216182E+01 0.OOOOOOE+00
208 0.682289E+01 0.O00000E+00
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209 0.316336E+00 0.0000OOEjoo
230 -.910015EiGI O.OODOOOE+00
211 0.373189E401 O-OOOOOOE400
212 0.459230E+01 0.000OOo00o
213 -.709038E+01 O.OOOOOOE+00
214 -.790167E-01 O.OOOOOOE-*oo
215 0.640498E+01 0.00000OE00
216 0.885365E+00 0.00000OE00
217 -.101914E&02 0.O00000E+0O
218 0.376423E+01 0.000000E+00
219 -.109551E+00 0.000OOOE400
220 -.386085E+01 9.000000E+00
221 -.380749Ef01 0.000000E+00
222 O.589190E401 O.OOOOOOE400
223 0.234406E+00 O.OOOODOE400
224 -.489929E+01 0.00000O00
225 -.257231E+01 O.000000E+0O
226 0.668187E+01 0.OOOOOOE+00
227 0.256053E+00 O-.00000E00
228 -.820556E401 0.OOOOODE+00
229 0.317285E+01 0.000000E+00
230 0.728581E+01 0.0000000+OO
231 -.353177E+01 0.000000E+0O
232 -.473028E+01 0.OOOOO0E+OO
233 0.651311E+01 O.000000E+00
234 -.125509E+01 0.OOOOGOE+00
235 -.923538Ef01 O0OOOOOEOE0o
236 0.317662E401 0.-OOOQOOE+OO
237 0.596793E+01 0.00000O00
238 -.415065E+01 0.0000000+OO
239 0.927513E+00 0.0000000
260 0.63841l20±01 O.000000E+OO
241 0.116869E+01 O.000000E+00
242 -.316552E401 0.000000E00
243 0.217262E+01 0.00000E00Oo
244 0.134112Ef01 0.000000E00
245 -.508769E401 0.00000E00
246 0.219943Ef0l 0.00000O00
247 0.279915E+01 0.0000000400
268 -.269927E401 O.000000ED00
249 0.2544800+00 O.00000O00
250 0.117177E+01 0.OOOO0OE+OO
251 -.115213E401 O.OOO000EDO0
252 -.5534490+00 0.0O00E00O
253 0.370947E+01 0.000000E+00
254 0.1468940±01 0.000000E00
255 0.1761580*01 0.000000E+00

DFT OUTPUT DATA FOR BAUD 1 1
K REAL PART IIIAG PART MAGNITUDE I E)PHASE RD

68 0. 906 37 344+02 -.90041351E+02 0 .12775980E403 -.44 811005 + 02 -.78209955E400
6? 0.12512837E+03 0.87728928E+02 0.]5281844E,03 0.350347290+02 0.61147141E+0070 0.85056,96E402 0 .1022,8330+03 0O- I 5993'.1E403 0 .50241470E402 0 .876878980400
71 -.95022675E402 0.105106I10403 0.)q169193E403 0.13211565Ef03 0.23058529E401
72 -.802964f480+02 -. 10472539E+03 0.13196561E+03 -.12747855E±03 -.22249212E+0173 -.11772476E+03 -.10389015E403 0.157010440403 -.13'857214E#03 -.24185q000401
74 -. 10582492E+03 -.87098938E+02 0.13705887E+03 -.14054395E403 -.24529552E+01
75 0.9507(,265E02 -.112108810403 0. 146994890403 -.C9700256E#02 -.86743307Ef00
76 -.73995346E402 0.71338562Et02 0.10278374E'03 0.1360ri727E403 0.2374(.726E40177 0.95286469E+02 -.919739230402 0 .13243378E103 -.43986572E#02 -.767710450400
78 -.75572342E+02 0.88835632E+02 0.11663167E+03 0.13038779E403 0.22756958E401
79 0.842468260+02 0.97707855E+02 0.12901299E+03 0.49231018E402 0.85924339E400
80 0.11124681E+03 -.821080780*02 0.13326636E+03 -.36429962E+02 -.63582295E+00
81 0.10516679E+03 0.83761368 402 0.154447070403 0.38535995E402 0.67257994E400
82 0.11486154E403 0.109736,3E403 0.158856000403' 0.636,92764E#02 0.76258266E+00
83 -.89(4347080402 -.950621')5C+02 0.13051968EIO3 -.133252.96E-03 -.23257027E01

NOTE: The DFT is windowed (IWNDOW =1
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DFT INPUT DATA FOR BAUD 1 2
N REAL PART IMAG PART
0 -.526725E+01 O.OOOOOOE+O0
I -.394182E+00 O.000000E+00
2 0.696870E+01 O.OOOOOOE+O0
3 -.290471E+01 O.OOOOOOE+O0
4 -.384541E+o1 O.ooooooE+oo
5 0.468083E401 O.OOOOOOE+00
6 -.439102E+O1 O.0000OOE400
7 -.11546CE4O1 O00000E+O0
8 0.533558E+01 OO000000E+O0
9 -.240291E+01 O.O00000E+O0

10 -.667564E+01 O.00000E+O0
11 0.728867E+01 O.00000E+00
12 O.474582E+O00 O.00000E+O0
13 -.380783E+01 0O.000000E400
14 O.311805E+O1 0.OOOOOOE+O0
15 0.450043E+01 O.OOOOOOE+00
16 -.446419E+01 0.OOOOOOE+O0
17 0.199608E+O0 O.00000E+O0
18 0.185680E+01 O.00000E+00
19 -.970748E+01 0.000000E+00
20 0.440136E+01 0O00000E+00
21 0.601283E+01 0.000000E400
22 -.750463E+01 0O.000000E+O0
23 -.344410E+01 0.00000E+00
24 0.110174E+02 0.000000E400
25 0.249212E+01 O.00000E+O0
26 -.811214E+01 0.00000E+00
27 0.863213E+01 0.00000E+00
28 0.576661E+01 O.O00000E+00
29 -.834345E+01 0.000000E+00
30 -.330458E+01 0.000000E+00
31 0.113159E+02 0.00000E+00
32 0.149053E+01 0.000000E400
33 -.194054E+01 0.O00000E+00
34 0.498989E+I 0 .OOOOOOE+O0
35 0.492170E+O 0.000000E+O0
36 -.811c5CE+01 0.000000E+00
37 0.138805E+01 0.OOOOOOE+00
38 0.412452E401 0000000E400
39 -.386714E+01 0.000000E400
40 -588585E+01 0.000000E+00
41 0.650927E+01 0.000000E+00
42 0.396164E+00 0.OOOOOOE+00
43 0.101974E+00 0.OOOOOOE+O0
44 0.422124E+01 0000000E400
45 -.261774EfO1 0.000000E+00
46 -.652925E+01 0.000000E+00
47 0.692594EiD1 0.000000E+00
48 0.912038E+00 0.O00000E+O0
49 -.929524E-01 0O00000E+O0
50 0.202819E+01 0O00000E400
51 0.106854E402 0.O00000E+00
52 -.710419E+01 O.000000E+O0
53 -.457107E401 O.OOOOOOE+O0
54 0.104375E+02 0 OOOOOOE00
55 -. 104101E401 0.OO0000E#00
56 -.712630Ef01 0.OO0000EfO
57 0.622043E# 0 O.00000O E+0
58 0.965949E+01 O0.000000E40O
59 -. 112449E4O2 .O0000OOE400
60 -.477618E+01 0.O00000E400
61 0.101622E402 O.OOOOOOE+O0
62 0.207549E+01 OO00000E+00
63 -. c,6nuO)(r1r1 U.0l)0000100
66 0.21626E01 0.000000[00
65 0.406143E+01 0.000000E400
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66 -.242523E401 0.000000E400
67 -.426298E401 0.000000E400
68 -.607959E+00 O.000000E400
69 0.548756E+01 0.O00000E+00
70 -.2A2346E+01 0.00000E+00
71 -.285746E+01 0.00000E+00
72 0.931297E+01 0-000000E+00
73 0.285819E+01 O.O00000E+00
74 -.89911E+01 O.O00000E400
75 0.387245E+00 O.O00000E+00
76 0.578286E+01 O.O00000E+00
77 -.490578E+01 0.000000E+0
78 -.144855E+00 O.O00000E+00

79 0.642747E+01 0.00000E+00
80 0.213817E+00 O.00000E+O0
81 -.22399AE+01 0.0000E+00
82 0.170248E+01 0.000000E400
83 -.325185E+00 0.00000E+00
84 -.174552E+01 0.00000E+00.
85 0.526715E+00 0.000000E+00
86 -.176461E401 0.00000UE400
87 -.392745E+01 O.O00000E+00
83 0.614061E+01 O.O00000E+00
89 -.354380E+00 O.O00000E+00
90 -.750051E+01 0.00000CE400
91 0.551929E+01 0.000000E+00
92 0.380251E+01 O.O0000E+00
93 -.484067E#01 0.000000E+00
94 -.182470E 01 0.000000E400
95 0.584987E+01 O.O00000E+00
96 -.323802E+01 O.O00000E+00
97 -.358901E401 O.O00000E+00
98 0.548582E+01 0O.O000E+00
99 0.277453E+01 0.000000E+00

100 -.1774(8E+Ol 0.000000E+00
101 -.301150E+00 0.000000E+00
102 0,494978E400 O.O00000E+00
103 0.216534E+01 O.O00000E+00
104 -.216204E+01 O.O00000E+00
105 -.329386E+01 0.00000E+00
106 -.238950E+01 0.00000E+00
207 0.349077E+01 0.OOOOOE+00
108 -.45qOq9E+01 0.OOOOOOE+0O
109 -.237934E+00 0.000000E400
110 0.778620E+01 0.0000OOE400
111 0.125057E+01 0O00000E+00
112 -.132939E+01 0.O0000OOEO0
113 -.121500E+01 0.000000E+00
114 0.302725E401 0.000000E+C0
115 -.207522E+01 0.000000E+00
116 -.23348&E+01 0.000000E+00
117 0.12058EtOl O.O00000E+00
118 -.34920E400 0.000000E+00
119 -.429151E+01 0.00000DE400
120 0.323071E+01 0.00000E+00
121 0.584821E+00 0.00000E+00
122 -.693258E+00 0.000000E+00
123 -. 275253E401 0.O00000E400
124 0.208057E401 0 .0000OE400
125 0.542997E+00 0.00000Ef00
126 -.197652E401 0.000000E00
127 -.154319E+01 0O00000E+00
128 -.420868E+01 0.000000E400
129 -.113642E401 0.000000E+00
130 -.201206Ei01 0.0000DOE400
131 0.105195E 01 0.00000DE400
132 -.266909E401 O.O00OOE+00
133 -401588E+00 O.O000OOE+00
134 0.531781E401 O.0000O0E+O0
135 -.47092E+01 0,000000E4O0
136 -. 477056E+01 000000o E400

137 0.643067E+01 O.O0000OE+00
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138 -.110350E+01 0.000000E400
139 -. 466090E401 O.O00000E+00
140 0.382527EtO1 O.OOOOOOE+O0
141 0.389133E+01 O.OOOOOOE+0O
142 -.508665E+01 O.O00000E+0O
143 0.366893E+01 O.OOOOOOE+O0
144 0.604237E 01 O.OOOOOO+o0
145 -.266780E+01 O.OOOOOOE+00
146 -. 120114E+01 O.OOOOOOE+O0
147 0.394714E+01 O.O00000E+00
148 -.545985E-01 O.000000E400
149 -.313556E+01 0.00000E+00
150 -.733842E+00 O.00000E+O0
151 -.177183E-01 0.0000E+00
152 -.281948E+00 0.000000E400
153 0.643579E+01 0O00000E+00
154 -.231300E+01 O.000000E+00
155 -.248661E+01 0.O00000E+00
156 0.444111E+01 0.00000E+00
157 -. 283533E+01 0.000000EO0"'
158 -.62654OE+01 0.000000E+00
159 0.582976E+01 0.00000E+00
160 0.176179E+00 0.000000E+00
161 -.254206E+01 0.00000E+00
162 0.552283E+00 0.00000E+00
163 0.443619E+01 O.O00000E+00
164 -.811100E+00 O.O00000E400
165 0.614064E400 0.000000E+00
166 0.348493E+01 O.O00000E+00
167 -.542510E+01 O.O00000E+00
168 -.285739E+00 0.000000E+00
169 -.908447E+00 O.O00000E+00
170 -.758899E401 O.OOOOOOE+00
171 0.872746E+00 O.O00000E+00
172 0.51078E401 0.000000E400
173 -.642361E+01 O.O00000E+00
174 -.196627E+01 O.O00000E400
175 0.604545E+01 0.000000E+00
176 -.406701E+01 O.O00000E+On
177 -.907386E+01 0.00000E+00
178 0.522828E+01 0O00000E+00
179 0.274564E+01 O.000DE+o0
180 -.836539E+01 0.0000O0E+0
181 0.758526E+00 0.00000E+O0
182 0.555079E+01 0.000000E+00
183 -.52434 E+00 O00000E+00
184 -.604758E+01 0.000000E+00
185 O.q51275E+01 0.000000E+00
186 0.691295E+00 0.000000E+00
187 -.408368E+01 0O00OOOE+00
188 -.421285E+01 0.O00000E+Oo

189 0.297227E+01 0OOOOOOE+00
190 0.138190E+01 0O00000E+00
191 -.497323E+01 0O000000E+0
192 0.272180E+01 0.00000E400
193 0.999976E4O0 0.00000E400
194 -.198997E401 0.000000E+00
195 -. 321780E401 0.OOOOOOE400
196 0.117637E401 0.O00000E+00
197 0.322415E401 0000000E+00
198 -.458584E401 0.O00000E+00
199 -.421095E+01 O.O00000E+CO
200 0.435145E401 O.O00000E+00
201 -.58068E)00 O0.00000O00
202 -.501256C401 O.O00000E400
203 0.115667E+01 O.O00000E+00
204 -.203047E+00 0.O0000OOE0
205 -.292859E+01 0.O00000EO0
206 -.315172'f01 O.00000E+00
207 0.280452E401 O.O00000E+00
209 0.37368(4401 0,00000E+00
209 -. 42,6158E+01 0.000000EfO0

73



210 -.262A66E+01 0.000000E+00
211 0.494710E+01 0.000000E+00
212 -.142531Ef01 0.000OOEfOO
213 -.941097rf01 O.000000EO00
214 0.318101E+01 C.000000E+00
215 0.424388E+01 0.000000E+00
216 -.650536E+01 0 .OOOOOOE+00
217 -. 124455E+01 Q.000000E+00
218 0.738448E+01 O.000000E+00
219 -.604091E+01 0.000000E+00
220 -656762Ef01 O.000000E+00
221 0.350399E+01 0.000000E+00
222 0.608059E+01 0.00000OE-00
223 -.523418E+01 O.000000E+00
224 -253131E+01 0.000000E+00
225 0.883q4001 0.00000E+00
226 -.569"28E+01 0-000000E+00
227 -.112117Ef02 0,0000U00E+00
228 0.6A5991E+01 O.000000E+00-
229 0.547792E+01 O.000000E+00
230 -.782587E+01 0.000000E+00
231 -.427295E+01l O.000000E+00
232 0.980781E+'01 O.000000E400
233 -.190006E+01 O.0000OO0
234 - 471819E+01 O.000000E+O0
235 '28085E+01 D0.DOOOOE+00
236 0.314933Et01 0.000000E+00
237 -.106632E+02 0.000000E+00
238 0.194443E+f01 0.OOOOUOE+00
239 0.765045E+01 O.000000E+00
240 -.357001E+01 0.000000E+00
241 -.640628E+00 0.000000E+00
242 0.354i356E+01 O.0000OO0
243 0.1?2806EN)1l 0.000000E+00
244 -.669535E+00 0.000000E+00
245 -.275834E401 O0.OOQOOOE400
246 0,240171E+01 0.000000E+00
247 -.151564E+01 0.000000E400
248 -.253017E+01 0.000000E400
249 -.379693E+00 0.00U000E400
250 O.3'88394E+01 0.000000E+00
251 -. 289334E101 0O.OOO0OE#-OO
252 0.214223E400 0.OOOOOOE+QO
253 -.294030E+01 C-OO0000E+00
254 0.13015E+00 0.000000E+00
255 0.353020E+01 0.000000E+00
256 0.11655FE+01 0000000OE400
257 -.36M2.'-+00 0.0000001+00
258 -.3860--L+0 1 0.OOOOOuE+00
'59 -. 129466E401 0O0~E0
260 0.532838E+00 0.OOOOOOE+00
261 0.58(i236E+0Q 0.0000005+00
262 -.339057E+01 0.0000005+00
263 0.256664E+01 0.000000E+00
264 0.152053E+01 0.0000005+00
265 -.475879E401 0.000000E400
266 0.3681185+01 0.000000E+00
267 -.267606E400 0 .000000E400
268 -.466596E401 0.0000005400
269 -.184211E+01 0.000000E+00
270 0.400506E401 0.000000E400
271 -.A52730E401 0.000000E400
272 -.526606E 01 0.000000E+00
273 0.578228Et01 0.0000005400
274i 0.348354E'01 0.0000005400
275 -.493828E+01 C.0000O0E400
276 -.308919E+01 0.000000E400
277 0.871899E401 0.0900',0E400
278 0.399700E400 0.0CO00E+O00
279 -.5588- EfU1 0.00000054130
7 80 0.156fl4E01 0.000005010O
281 0.2?9917E+01 O.OvO'OOsOE+O
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282 0.6506C,5E-01 0.OOOOOOE400
283 -.376218E+01 0.0OOOOOE+00
284 0.392436E+01 0.000000E400
285 0.753166E+01 0.-OOOOOOE+00
286 -.239218E+01 0.000000E+00
287 -.625107E+01 0.OOOOCOE+00
288 0.466018E+01 0.OOUOooc+00
289 0.803769E+01 O.000000E400
'90 -.686152EIG1 0.000000E+00
291 -.450123E+01 0.000000E400
292 0.736135E401 0.000000Ef00
293 -.191086E+01 0.000000E+00
294 -.418490Ef0l 0.000000E+00
295 0.810541lE401 0.000000E+00
296 0.481734Ef01 0.000000Ef00
297 -.821385E401 0.000000E+00
298 -,678597E+'00 0.000000E+00
299 0.493867E+01 0.000000E+00
300 -.3766q3E+01 0.000000E+00,
301 -.355329E4011 0.000000E+00
302 0.366560E401 0.OOOOOOE+00
303 0.115503E+01 0.000000E+00
304 -.399879E+01 O.000000E+00
305 0.126453E+01 0.000000E+00
306 0.735960E+01 0.000000E+00
307 -.381905E+01 0.OOOOOOE+00
308 -.238577E+gl 0.OOOOOOE+00
309 0.122439E+01 0.000000E+00
310 0.6427q1EfOO 0.000000E+00
311 -.115598E+01 0.0OOOOOE+00
312 0.284103E+01 0.OOOOOOE+00
313 0.501qq6E+00 0.000000E+0
314 0.177095E+01 0.000000E400
315 0 .128382E401 0.000000E+00
316 -.779019E+01 0.000000E+00
317 0.361360E+01 0.OOOOOOEfOO
318 0.235632E+01 0.COOOOOE+00
319 -.54481LE+00 ODOOUOOE+00
320 -.177875E+01 0.000000E+00
321 0.902069E+00 0.00OOOOE+00
322 0.172362Ei01 0OODOOOE400
323 -.228558E+01 0.00000E00
324 0.150589E+01 0.000'300E400
325 0.379671E+01 G.OOOOOUE+00
326 -.3675'CiE 01 0.0000000400
327 0.32181740401 0.000000E+00
328 0.38017Ef01 0.000000E400
329 0. 122cefOE4 01 0. 0000000+00
330 0.290588E+01 0 0000000400
331 0.193080E401 0.0000000400
332 0.25"695E-02 0.OOOOOOE+00
333 -.331V05E401 0.0000000400
334 0.732367E 01 0.00000OE00
335 -.2643670+01 0.0000000400
336) -.805418E401 0.000000E400
33Z7 0.2895610401 0.0000000400
3 '82 0 .549653E4 C1 0 .00COOOE400
339 -.5,54,18E401 0.0000000+00
340 -.205987E401 0.0000000400
341 0.5564930+01 0.00000E00
3(12 -.5947440+01 0.0000000+00
343l -.712 9 1 E 01 0.00000004E00
7,(,4 0.(4"0186E+01 0.q000000400
3(5i 0.6098440+00O 0.0000000400
3(16 -.6777200401 0.0000000.00
37 0.455239E+01 0.0000000+00
38 0 .5 4 60,9E+01 0.0000000400
39 -.594455E01 0.000000E+00

350 -S21..0 0.0000000400
7351 0.,5?51)00E401 0.0000000+00
j52 -262265F-491 0.00(000000
53 -. 573843,E+01 0.0000000+00
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354 0.433496E+01 0.00000E+00
355 -.593394E+0 0 .OOOOOE+V0
356 -.681707E401 0O.000000E+00
357 0.652774E401 0.000000E+00
358 0.150886E+01 O.00000E+00
359 -.614447E+01 0.000000E+00
360 0.239488E+01 0.000000E+00
361 0.226228E+01 0.000000E+00
362 .181^58E+01 O.O00000E+00
363 -.354793E+01 0O,00000E+00
364 U.451782E+01 0.000000E+UO
365 -.756871E+00 O.O00000E+00
366 -. 148307E+01 O.O00000E+00
367 0.335441E+01 0.O00000E+00
368 0.871370E+00 0O00000E+00
369 0.123139E+01 0.OOOOOOE+00
370 -.170679E+01 0.OOOOOOE+00
371 0.252001E+01 0.00000E+00
372 -.361835E+00 0.00000E+00'
373 -.495687E 01 0.00000E+00
374 0.162119E+01 0.O00000E 00
375 0.185459E+01 O.O000000E+0
376 -.309277E+01 O.OOOOOE+00
377 -.320235E+01 0.000000E+00
378 0.138036E401 0.000000E+00
379 -.292664E+01 0.O00000E+00
380 -.307330E+01 0.0000006+00
381 0.156635E+01 0.OOOOOOE+00
382 0.748866E+0l 0.000000E+00
383 -.562336E+01 0.000000E+00
384 0.100312E+00 0.OOOOOOE+00
385 0.132461E+01 O.O00000400
386 -.355028E+01 O.O00000E+00
387 -.232426E+01 0.00OOOE+00
388 0.451112Ef01 O.O0000E+00
389 -.531282E+00 O.O0000OE+00
390 -.288922E+01 0.000000E+00
391 0.354156E+01 0.0000E+00
392 -.109373E+01 0.00000E+00
393 -.283108E+01 0.00000UEO00
394 0.396496E+01 0.00000E+00
395 -.698274E+00 0.000000E+00
396 -.531781E+01 0.000000E+0O
397 0.843346E+00 0.000000E+00
39Z 0.356507E+01 O.O00000E+0
399 - .822237E+O0 0.O00000E400
400 -.128205E+01 0.000000E+00
401 0.401342E+01 0.000000E600
402 -.109053E400 0.00000E+00
403 -.560845E401 0.OOOOOOE+00
404 0.179668E+01 0.000000E+00
405 -.377383E+01 0.000000E400
406 -.398152E+01 0.00000E+00
407 -.198354E+01 0.OOOO0OE+00
408 0.3253706+01 O.OOOOOOE+00
409 -.562649E+01 0.000000E+00
410 -.373510E+01 O.O00000E+00
411 0.330313E01 0.000000E400
412 0.116460E01 O.O00000E+00
413 -.330263E+01 0.000000E+00
414 -.428371E+01 0.000000E+00
415 0,166203+01 0.00000E400
416 0.294798+01 0.O00000E+00
417 -. 260710E+01 0.000000E400
418 0.193795E+01 0.00000E600
419 0.609513E401 0.000000+00
420 -.514264E+01 0.00000OE0#
421 -. 528953E+01 O.O00000E400

422 0.720675E401 0.000000E+00

423 -.123952E01 O.O00000E+00
424 -.733272E+01 0.000000E400
425 0.468533E+01 O.O00000E+00
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Q26 0.57354(4Ef01 0.000000E400
427 -.845249E+01 0.OUOOOOE400
428 0.516992Ef0C 0.000000E+0O
A29 0.1193ci3E402 0 .0000OOE400
430 -.4t12223E+01 0.000000E+00
431 -.389617E+01 0.000000E+00
432 0.306069E+01 0.000000E+00
433 -.741859E+00 O.000000E+OO
434 -.601171E+01 0.000000E+00
435 0.9l5210EA00 0.OOOOOOE400
436 -.662840E+00 O.OOOOOOE400
437 -.279501E+01 0.000000E400
4i38 0.102183E+01 O.OOOOOOE+00
439 0.129399E401 0.OOOOOOE+o0
440O 0.9q2253E+00 0.OOOOOOE+O0
441 -. 105543E400 0.000000E+00
442 0.422624E+01 0.000000E+00
443 -.604331E+00 O.000000E+00
44 4 -.160753E+01 C.000000E+00.
445 O.489188E+00 0.000000E+o0
446 -.570710E+01 0.000000E+00
441 -.202896E+01 0.000000E+00
448 0.476189E+01 0.000000E400
449 -.340101E+01 0.OOOOOOE+00
450 -.432951E+01 0.000000E+00
451 0.849652E+01 0.00000OE0Ef
452 0.419645E+01 0.000000E400
453 -.520679Et01 O.000000E+00
454 0.318501E+01 0.000000E+00
455 0.661741E-01 0.000000E+00
456 -.293308E+01 0.OOOOQOE+00
457 -.549945E+00 0.000000E+00
458 0.337600Ef01 0.000000E+00
459 -.188377E+01 0.000000E+00
460 -.153699Ef0I 0.000000E+00
461 0.728273E+00O0.OOOOOOE+00
462 0.173535E+01 0.000000E+00
463 0.842127E-01 0.000000E+00
464 -.321595E+01 0.000000E+00
465 0.280456E+01 O.OOOOOOE+00
466 0.515843E+01 0.000000E400
467 0.127567Ef0l O.000000E+00
468 -.271868E+01 0.000000E+00
469 0.314677E401 0.OOOOOOE+00
470 -.684675E+00 0.000000E+00
471 -.370720E401 0.OODOOOE+00
4f72 0.485160E*00 0.000000E+00
473 0.A58457E+01 0.000000E400
474 -.623002Et01 0.000000E+00
475 -.598999E401 0.000000E+00
476 0.536761Et01 0.000000E+00
477 -.155600E+01 0.000000E+00
4178 -.83289riE401 0.0000OOE+00J
479 0 648226E 00 0. OOO000E+00
480 0.1708144E+01 O.000000E+OO
4 1 - .259356Ef01 0 .OOOOOE+00
42 0.101954E401 0.OOOOOOE+00
43 -.183804Ef00 0.000000E400

f4 04 0.914696E+00 O.000000E+00
485 0.1038638E+00 O.000000E+00
486 -.548762E+01 0.000000E+00
487 -.193591E 01 O.OOOOOOE+00
488 0.333655E+01 0.OOOOOOE+00
4189 -.407597E 01 0.0000O0E400
49U -.881921E+01 0.0000O0E400
491 0.956705E+01 0.0000D0E400
492 0.924545E+00 0.000000E400
493 -. 905340E+~01 0.000000E+00
494 0 .402O92E401 0 .0000OOE4 00
495 0.527295E 01 0,0000D0E400
696 -.9062651,401 0.0OfJOQOE.00
C07 -.2331791+01 0.OO0OOE400

-7



498 0.880006E+01 0.00000E+0O
499 -. 545897E401 0.000000r,00
500 -. 745451E+01 0.O00PdOE40
501 0.786850E 01 .000OO0EI00
502 0. 3315661-001 0. oJO000r. )
503 -.686388LI01 0.JOOOUOE40O
50q 0.161638E+01 0. )O000OE+0O
505 0.279832E+01 0.O000OOE+00
506 -. 107526E+02 0.OOOOO0E+O0
507 O.q52893E+0l 0O000000E+0O
508 0.396753E+01 O.C00000E+00
509 -. 574705E+01 0.O0OOOE+0O
510 0.397997E+01 O.0000E+O0
511 0.242562E+01 0.OOOOOOE+00

OFT OUTPUT DATA FOR BAUD t 2
K REAL PART IMAG PART MAG14ITUDE PHASE

(DEG) (RAD)
135 0.21869614E+03 -. 13437286E+04 0.25667896Ef03 -. 31567688E+02 -.55096024E+00
136 -. 20494591E+03 -. 20220082E+03 0.28790259E+03 -. 13538632E+03 -.23629370E+01
137 -.14575168E+03 -. 15294678E403 0.21127296E403 -. 13362015E+03 -.23321114E+01
138 -. 21255940E+03 0.19105q44E+03 0.28580273E+03 0.13804984E+03 0.24094248E+01
139 15577037E+03 -. 13739233E+03 0.20770425E+03 -. 13858707E+03 -.24188013E+01
140 13250822E403 0. 1138666E+03 0.19377464E403 0.13314339E+03 0.23237906E+01
141 0 17392702E+03 -.22279741E403 0.28264697E+03 -.52022568E+02 -. 90796512E+00
142 0.13896306E+03 -.13225531E403 0.19183899E+03 -.43583252E402 -.76067126E+00
143 0 .16901073E+03 0.1q665094E+03 0.22376578E+03 0.40948242E+02 0.71468163E400
144 0.19780035E+03 -.15818835E+03 0.25327560E#03 -.33650635E402 -.67q58087E+00
145 -.20230388E+03 0.27242383E+03 0.33932495E+03 0.12659782E+03 0.22095g99E+01
146 0.20827090E+03 -. 18137456E403 0.27617651E403 -,41051254E402 -.71647972E400
147 -. 19098985E+03 0.22640436E+03 0.29620264E403 0.13015030E403 0.22715511E401
148 0.15571500E+03 0.14765985E+03 0.21459qO1E+03 O.q3479050E402 0.75885254E400
149 0.22490648E+03 0.18650417E+03 0.29217578E403 0.39667282E402 0.69232482E+00
150 0.18717580E403 0.16107140E+03 0.24693880E+03 0.40713165E+02 0.71057868E+00
151 -. 13020734E+03 -.21927161E+03 0.25501762E+03 -. 12070264E+03 -.21066589E+01
152 0.21125522E+03 -. 22968059E+03 0.31206079E403 -.f7392807E+02 -.827160q8E400
153 0.163262?1E+03 -.17587959E+03 0.23997571E40i -. 47130524E402 -.82258284E+00
154 -. 18001019E+03 0.15380461E+03 0.23676892EI03 0-13968868E403 0.24345369E401
155 -. 19258081E+03 -.13529289E+03 0.23535405E+03 -. 14q91098E403 -. 25291739E+01
156 -.19021963E+03 0.16097487E403 0.24923732E403 0 13976907E403 0.24394302E+01
157 -.21412985E+03 0.18872530E+03 0.28542749E+'3 0.13860835E+03 0.24191723E+01
158 -.20541913E+03 -.22383812E403 0.30381006E403 -13254298E+03 -.23133116E+01
159 -. 19955086E+03 0.20583072E+03 0.28668237E403 013 1126EfO03 0.23407049E401
160 -.21075299E+03 0.22362857E+03 U.30728906E403 0.13330223E+03 0.23265629E401
161 0.17198572E+03 0.17881973E+03 0.24810397E403 0.46116013E402 0.8048763,E400
162 -. 17657683E+03 0.15956850E+03 0.23799471E403 0.13789659E403 0.24067q97E401
163 -. 18814517E+03 0.1 442966E+03 0 .23718896E+03 0 14248830E+03 0.24868908E+01
164 -. 17734966E403 -. 17915202E403 0 .25208797E403 -. 13471030E+03 -.23511391E+01
165 -. 18872591E+03 -. 18354022Et03 0 .26325732E403 - 13579803E403 -.23701239E+01
166 -. 18190575E+03 0.12815350E403 0.22251521E403 0.14483507E403 0.25278492E+01

NOTE: The DFT is windowed (I44NDOW = 1)
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C. GRAPHICAL OUTPUT USING DISSPLA

1. DFT Windowed Between kl and k2 (IWNDOW=I)

OFT OUTPUT OF THE RECEIVED 51GIIHL
FOR BAUD NUIIBCR I
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LIFT OUTPUT OF THE RECEIVEDl SIGI11L1
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2. DFT Not Wilidowed (IWNDOW=O)

LIFT OUTPUT OFP THE PE'E1VEL' %I3UH1FL
FOR BAUD tIUITERF 1
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APPENDIX C. STATISTICS OF SNROUT VS. SNRIN ANALYSIS

A. INPUT SNR = 0 dB

INPUT SNRNB 1.000 0.000 DB

BAUD TYPE 1: KX = 256 SAMPLE POINTS; K = 16 TONES

*X GIVEN THE TRANSMITTED PHASE IS IN THE 1ST QUADRANT Xx

NUMBER OF TONES = 4
MEAN OF DFT REAL PART = 97.73993

VARIANCE OF DFT REAL PART = 8419.37
QUADRANT SNROUT OF DFT REAL PART = 1.1347 = 0.5486 DB

MEAN OF DFT IMAG PART = 129.16241
VARIANCE OF DFT IMAG PART = 6640.81

QUADRANT SNROUT OF DFT IMAG PART = 2.5122 = 4.0005 DB

*x GIVEN THE TRANSMITTED PHASE IS IN THE 2ND QUADRANT WX

NUMBER OF TONES = 2
MEAN OF DFT REAL PART = -85.21500

VARIANCE OF DFT REAL PART = 429.54
QUADRANT SNROUT OF DFT REAL PART = 16.9056 = 12.2803 DB

MEAN OF DFT IMAG PART = 82.06499
VARIANCE OF DFT IrlAG PART = 2787.80

QUADRANT SNROUT OF DFT IrAG PART = 2.4158 3.8305 DB

) GIVEN THE TRANSMITTED PHASE IS IN THE 3RD QUADRANT xx

NUMBER OF IONES = 6
MEAN OF DFT REAL PART = -61.63330

VARIAHCE OT DFT REAL PART = 12897.87
QUADRANT SNROUT OF DFT REAL PART = 0.2945 = -5.3089 DB

MEAN OF DFT IMAG PART = -157.14986
VARIANCE OF DFT IMAG PART = 1129.39

QUADRANT SHROUT OF DFT IMAG FART = 21.8667 = 13.3978 DB

xX GIVEN THE TRANSMITTED PHASE IS IN THE 4TH QUADRANT xx

NUMBER OF TONES = 4MEAN OF DFT REAL PART = 135.55243
VARIANCE OF DFT REAL PART = 7555.41

QUADRANT SNROUT OF DFT REAL PART = 2.4320 = 3.8596 DB

MEAN OF DFT IMAG PART = -134.99750
VARIANCE OF DFT IMAG PART = 11628.12

QUADRANT SNROUT OF DFT IMAG PART = 1.5,'73 = 1.9514 DB

xxx OVERALL (REAL + IMAG) STATISTICS FOR BAUD TYPE 1 *xx

TOTAL NUMBER OF POINTS, 2K = 32
BAUD MEAN = 113.65836

BAUD VARIANCE = 5680.15
BAUD SNROUT = 2.2743 3.5684 DB
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INPUT SNRNB 1.000 0.000 DB

BAUD TYPE 2: KX = 512 SAMPLE POINTS; K = 32 TONES

WX GIVEN THE TRANSMITTED PHASE IS IN THE 1ST QUADRANT Xx

NUMBER OF TONES = 5
MEAN OF DFT REAL PART = 137.35571

VARIANCE OF DFT REAL PART = 14934.41
QUADRANT SNROUT OF DFT REAL PART = 1.2633 1.0151 DB

MEAN OF DFT IMAG PART = 263.66382
VARIANUE OF DFT IMAG PART = 54654.25

QUADRANT SNROUT OF DFT IMAG PART = 1.2720 1.0448 DB

X GIVEN THE TRANSMITTED PHASE IS IN THE 2ND QUADRANT )

NUMBER OF TONES = 8
MEAN OF DFT REAL PART = -126.14920

VARIANCE OF DFT REAL PART = 6U110.95
QUADRANT SHROUT OF DFT REAL PART = 0.2647 = -5.7718 DB

MEAN OF DFT IMAG PART = 137.62115
VARIANCE OF DFT IMAG PART = 19688,26

QUADRANT SNROUT OF DFT IMAG PART = 0.9620 = -0.1684 DB

*x GIVEN THE TRANSMITTED PHASE IS IN THE 3RD QUADRArNI XX

NUrBER OF TONES = 10
MEAN OF DFT REAL PART = -191.87024

VARIANCE OF DFT REAL PART = 19641.78
QUADRANT SHROUT OF DFT REAL PART = 1.8743 = 2.7283 DB

MEAN OF DFT IMAG PART = -288.79492
VARIANCE OF DFT IMAG PART = 3C312.55

QUADRANT SNROUT OF DFT IMAG PART = 2.7514 = 4.3956 DB

XX GIVEN THE TRANSMITTED PHASE IS IN THE 4TH QUADRANT x*

NUMBER OF TONES = 9
MEAN OF DFT REAL PART = 154.75328

VARIANCE OF DFT REAL PART = 40444.66
QUADRANT SNROUT OF DFT REAL PART = 0.5921 = -2.2758 DB

MEAN OF DFT IMAG PART = -215.35548
VARIANCE OF OFT IIAG PART = 21217.86

QUADRANT SNROUT OF DFT IMAG PART = 2.1858 = 3.3961 DB

Xxx OVERALL (REAL + IMAG) STATISTICS FOR BAUd TYPE 2 *xx

TOTAL NUMBER OF POINTS, 2K = 64
BAUD MEAN = 191.45129

BAUD VARIANCE = 28?51.36
BAUD SNROUT = 1.2974 = 1.1308 DB
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INPUT SNRNB 1.000 0.000 DB

BAUD TYPE 3: KX = 1024 SAMPLE POINTS; K = 64 TONES

x GIVEN THE TRANSMITTED PHASE IS IN THE 1ST QUADRANT w

NUMBER OF TONES = 13
MEAN OF DFT REAL PART = 295.59131

VARIANCE OF DFT REAL PART = 171068.06
QUADRANT SNROUT OF DFT REAL PART = 0.5108 = -2.9179 DB

MEAN OF DFT IMAG PART = 272.87988
VARIANCE OF DFT IMAG PART = 75231.81

QUADRANT SNROUT OF DFT IMAG PART = 0.9898 = -0.0446 DB

X GIVEN THE TRANSMITTED PHASE IS IN THE 2ND QUADRANT w

NUMBER OF TONES = 15
MEAN OF DFT REAL PART = -502.71387

VARIANCE OF DFT REAL PART = 107979.00
QUADRANT SNROUT OF DFT REAL PART = 2.3405 = 3.6930 DB

MEAN OF DFT IMAG PART = 393.86084
VARIANCE OF DFT IMAG PART = 91919.19

QUADRANT SNROUT OF DFT IMAG PART = 1.6876 = 2.2728 DB

GIVEN THE TRANSMITTED PHASE IS IN THE 3RD QUADRANT W

NUMBER OF TONES = 20
MEAN OF DFT REAL PART = -365.57617

VARIANCE OF DFT REAL PART = 158013.50
QUADRANT SNROUT OF DFT REAL PART = 0.8458 = -0.7274 DB

MEAN OF DFT IMAG PART = -287.26196
VARIANCE OF DFT IMAG PART = 110806.31

QUADRANT SNROUT OF DFT IMAG PART = 0.7447 = -1.2801 DB

Xx GIVEN THE TRANSMITTED PHASE IS IN THE 4TH QUADRANT Xx

NUMBER OF TONES = 16
MEAN OF DFT REAL PART = 328.53247

VARIANCE OF DFT REAL PART = 97164.81
QUADRANT SNROUT OF DFT REAL PART = 1.1108 = 0.4565 DB

MEAN OF DFT IMAG PART = -504.95386
VARIANCE OF DFT IMAG PART = 125734.50

QUADRANT SNROUT OF DFT IMAG PART = 2.0279 = 3.0705 DB

w OVERALL (REAL + IMAG) STATISTICS FOR BAUD TYPE 3 *Xx

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 368.99438

BAUD VARIANCE = 111852.19
BAUD SNROUT = 1.2173 0.8540 DB
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INPUT SNRNB 1.000 = 0.000 DB

BAUD TYPE 4" KX = 2048 SAMPLE POINTS; K = 128 TONES

X GIVEN THE TRANSMITTED PHASE IS IN THE 1ST QUADRANT

NUMBER OF TONES = 38
MEAN OF DFT REAL PART = 765.55249

VARIANCE OF DFT REAL PART =  480832.37
QUADRANT S1ROUT OF DFT REAL PART = 1.2189 = 0,8596 DB

MEAN OF DFT IMAG PART =  487.95532
VARIANCE OF DFT IMAG PART = 436912.56

QUADRANT SNROUT OF DFT IMAG PART = 0.5450 = -2.6363 DB

Xx GIVEN THE TRANSMITTED PHASE IS IN THE 2ND QUADRANT x

NUMBER OF TONES = 34
MEAN OF DFT REAL PART = -919.41406

VARIANCE OF DFT REAL PART = 473379.37
QUADRANT SNROUT OF DFT REAL PART = 1.7857 = 2.5181 DB

MEAN OF DFT IMAG PART = 909.34058
VARIANCE OF DFT IMAG PART = 403385.00

QUADRANT SNROUT OF DFT IMAG PART =  2.0499 3.1173 DB

x GIVEN THE TRANSMITTED PHASE IS IN THE 3RD QUADRANT x

NUMbER OF TONES = 35
MEAN OF DFT REAL PART = -744.60986

VARIANCE OF DFT REAL PART = 535541.62
QUADRANT SNROUT OF DFT REAL PART = 1.0353 = 0.1506 DB

IIEAN OF DFT IMAG PART = -645.88306
VARIANCE OF DFT IMAG PART = 493911.50

QUADRANT SNROUT OF DFT IMAG PART = 0.8446 -0.7334 DB

Mx GIVEN THE TRANSMITTED PHASE IS IN THE 4TH QUADRANT 30

NUMBER OF TONES = 21
MEAN OF DFT REAL PART = 845.74316

VARIANCE OF DFT REAL PART =  506747.94
QUADRANT SNROUT OF DFT REAL PART =  1.4115 =  1.4968 DB

MEAN OF DFT IMAG PART = -607.39453
VARIANCE OF DFT IMAG PART = 472505.12

QUADRANT SNROUT OF DFT IMAG PART = 0.7808 = -1.0746 DB

xx OVERALL (REAL + IMAG) STATISTICS FOR BAUD TYPE 4

TOTAL NUMBER OF POINTS, 2K = 256
BAUD MEAN = 738.25732

BAUD VARIANCE = 460690.81
BAUD SNROUT = 1.1831 = 0.7301 DB

90



INPUT SNRNB 1.000 0.000 DB

BAUD TYPE 5: KX = 4096 SAMPLE POINTS; K = 256 TONES

xx GIVEN THE TRANSMITTED PHASE IS IN THE 1ST QUADRANT x

NUMBER OF TONES = 64
MEAN OF DFT REAL PART = 1507.82715

VARIANCE OF DFT REAL PART = 2880635.00
QUADRANT SNROUT OF DFT REAL PART = 0.7893 = -1.0279 DB

MEAN OF DFT IMAG PART = 1674.69238
VARIANCE OF OFT IMAG PART = 2577853.00

QUADRANT SNROUT OF DFT IMAG PART =  1.0880 0.3661 DB

Xx GIVEN THE TRANSMITTED PHASE IS IN THE 2ND QUADRANT wX

NUMBER OF TONES = 61
MEAN OF DFT REAL PART = -1636.89526

VARIANCE OF OFT REAL PART = 2406180.00
QUADRANT SNROUT OF DFT REAL PART = 1,1136 = 0.4671 DB

MEAN OF DFT IMAG PART = 1345.84106
VARIANCE OF DFT IrAG PART = 3274481.00

QUADRANT SNROUT OF DFT IMAG PART = 0.5532 = -2.5715 DB

Xx GIVEN THE TRANSMITTED PHASE IS IN THE 3RD QUADRANT Xx

NUMBER OF TONES = 59
MEAN OF DFT REAL PART = -1447.54858

VARIANCE OF OFT REAL PART = 1710154.00
QUADRANT SNROUT OF DFT REAL PART = 1,2253 = 0.8823 DB

MEAN OF DFT IMAG PART = -1208.50415
VARIANCE OF DFT IMAG PART = 2686264.00

QUADRANT SNROUT OF DFT IMAG PART = 0.5437 = -2.6465 DB

X GIVEN THE TRANSMITTED PHASE IS IN THE 4TH QUADRANT x

NUMBER OF TONES =  72
MEAN OF DFT REAL PART = 1315.15088

VARIANCE OF DFT REAL PART = 1992730.00
QUADRANT SNROUT OF DFT REAL PART =  0.8680 = -0.6150 DB

MEAN OF DFT IMAG PART = -1541.86792
VARIANCE OF DFT IMAG PART = 2939624.00

QUADRANT SHROUT OF DFT IMAG PART = 0.8067 = -0.9220 DB

x3E OVERALL (REAL + IMAG) STATISTICS FOR BAUD TYPE 5 XXX

TOTAL NUMBER OF POINTS, 2K 512
BAUD MEAN 1461.01611

BAUD VARIANCE 252 291.00
BAUD SNROUT = 0.8456 = -0.7283 DB
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B. INPUT SNR = 5 dB

INPUT SNRNB 3.162 5.000 DB

BAUD TYPE 1: KX = 256 SAMPLE POINTS; K = 16 TONES

wX GIVEN THE TRANSMITTED PHASE IS IN THE 1ST QUADRANT x

NUMBER OF TONES = 4
MEAN OF DFT REAL PART = 94.57245

VARIANCE OF DFT REAL PART = 2661.94
QUADRANT S1ROUT OF DFT REAL PART = 3.3599 = 5.2633 DB

MEAN OF DFT IMAG PART = 112.22491
VARIANCE OF DFT IMAG PART = 2098.79

QUADRANT SNROUT OF DFT IMAG PART 
=  6.0008 7.7821 OR

XX GIVEN THE TRANSMITTED PHASE IS IN THE 2ND QUADRANT x

NUMBER OF TONES = 2
MEAN OF DFT REAL PART = -87.53000

VARIANCE OF DFT REAL PART = 135.80
QUADRANT SNROUT OF DFT REAL PART = 56.4194 = 17.5143 DB

MEAN OF DFT IMAG PART = 85.78000
VARIANCE OF DFT IMAG PART = 883.68

QUADRANT SNROUT OF DFT IMAG PART = 8.3268 9.2048 DB

w GIVEN THE TRANSMITTED PHASE IS IN THE 3RD QUADRANT X

NUMBER OF TONES = 6
MEAN OF DFT REAL PART = -74.27998

VARIANCE OF DFT REAL PART = 4080.46
QUADRANT SNROUT OF DFT REAL PART = 1.3522 = 1.3103 DB

MEAN OF DFT IMAG PART = -127.96658
VARIANCE OF DFT IWAG PART = 357.q5

QUADRANT SNROUT OF DFT IMAG PART = 45,8118 = 16.6098 DB

x GIVEN THE TRANSMITTED PHASE IS IN THE 4TH QUADRANT XX

NUMBER -. TONES = 4
MEAN OF DFT ' PART = 115.84491

VARIANCE OF DFT R PART = 2387.74
QUADRANT SNROUT OF DFT RL,-, PART = 5.6204 = 7.4977 DB

MEAN OF DFT IMAG PART = -115.54242
VARIANCE OF DFT IMAG PART = 3679.88

QUADRANT SNROUT OF DFT IMAG PART = 3,6278 = 5.5965 DB

Xx OVERALL (REAL + IMAG) STATISTICS FOR BAUD TYPE 1 X

TOTAL NUMBER OF POINTS, 2K = 32
BAUD MEAN = 103.52617

BAUD VARIANCE = 1796.58
BAUD SNROUT = 5.9656 7.7565 DB
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INPUT SNRNB 3.162 = 5.000 DB

BAUD TYPE 2: KX = 512 SAMPLE POINTS; K = 32 TONES

3 GIVEN THE TRANSMITTED PHASE IS IN THE 1ST QUADRANT

NUMBER OF TONES = 5
MEAN OF DFT REAL PART = 156.34995

VARIANCE OF DFT REAL PART = 4717.56
QUADRANT SNROUT OF DFT REAL PART = 5.1818 = 7.1448 DB

MEAN OF DFT IMAG PART = 227.40594
VARIANCE OF DFT IMAG PART = 17291.69

QUADRANT SNROUT OF DFT IMAG PAR'T = 2.9907 4.7577 DB

XX GIVEN THE TRANSMITTED PHASE IS IN THE 2ND "UADRANT

NUMBER OF TONES = 8
MEAN OF DFT REAL PART = -150.08240

VARIANCE OF DFT REAL PART = 19011.11
QUADRANT SNROUT OF DFT REAL PART = 1.1848 = 0.7365 DB

MEAN OF DFT IMAG PART = 156.51974
VARIANCE OF DFT IMAG PART = 6230.11

QUADRANT SNROUT OF DFT IMAG PART =  3.9323 5.9464 DB

*x GIVEN THE TRANSMITTED PHASE IS IN THE 3RD QUADRANT XX

NUMBER OF TONES = 10
MEAN OF DFT REAL PART = -186.99594

VARIANCE OF DFT REAL PART = 6212.98
QUADRANT SNROUT OF DFT REAL PART = 5.6281 = 7.5036 DB

MEAN OF DFT IMAG PART = -241.53493
VARIANCE OF DFT IWIAG PART = 9587.26

QUADRANT SNROUT OF DFT IMAG PART = 6.0851 7.8427 DB

XX GIVEN THE TRANSMITTED PHASE IS IN THE 4TH QUADRANT )X

NUMBER OF TONES = 9
MEAN OF DFT REAL PART = 166.15880

VARIANCE OF DFT REAL PART = 12788.79
QUADRANT SNROUT OF DFT REAL PART = 2.1588 = 3.3422 DB

MEAN OF DFT IMAG PART = -200.21880
VARIANCE OF DFT IMAG PART = 6707.95

QUADRANT SNROUT OF DFT IMAG PART = 5.9761 = 7.7642 DB

x OVERALL (REAL + IMAG) STATISTICS FOR BAUD TYPE 2 x)

TOTAL NUMBER OF POINTS, 2K = 64
BAUD MEAN = 186.78583

BAUD VARIANCE = 8934.94
BAUD SNROUT = 3.9048 = 5.9160 DB
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INPUT SNRNB 3.162 5.000 DB

BAUD IYPE 3; KX = 1024 SAMPLE POINTS; K = 64 TONES

XX GIVEN THE TRANSMITTED PHASE IS IN THE IST QUADRANT XX

NUMBER OF TONES = 13
MEAN OF DFT REAL PART = 324.77417

VARIANCE OF DFT REAL PART = 54069.19
QUADRANT SNROUT OF DFT REAL PART = 1.9508 = 2.9021 DB

MEAN OF DFT IMAG PART = 312.15674
VARIANCE OF DFT IMAG PART = 23785.73

QUADRANT SNROUT OF DFT IMAG PART = 4.0967 6.1243 DB

Xx GIVEN THE TRANSMITTED PHASE IS IN THE 2ND QUADRANT X

NUMBER OF TONES = 15
MEAN OF DFT REAL PART = -441.42603

VARIANCE OF DFT REAL PART = 34121.99
QUADRANT SHROUT OF DFT REAL PART = 5.7106 = 7.5668 DB

MEAN OF DFT IMAG PART = 380.12280
VARIANCE OF DFT IMAG PART = 29067.91

QUADRANT SNROUT OF DFT IMAG PART = 4.9709 6.9643 DB

GIVEN THE TRANSMITTED PHASE IS IN THE 3RD QUADRANT *

NUMBER OF TONES = 20
MEAN OF DFT REAL PART = -364.12720

VARIANCE OF DFT REAL PART = 49952.47
QUADRANT SISROUT OF DFT REAL PART =  2.6543 = 4.2395 DB

MEAN OF DFT IMAG PART = -320.32812
VARIANCE OF DFT IMAG PART 3 35015.78

QUADRANT SNROUT OF DFT IMAG PART = 2.9304 4.6693 DB

x GIVEN THE TRANSMITTED PHASE IS IN THE 4TH QUADRANT Xx

NUMBER OF TONES = 16
MEAN OF DFT REAL PART = 343.55005

VARIANCE OF DFT REAL PART z 30738.97
QUADRANT SNROUT OF DFT REAL PART = 3.8396 = 5.8429 DB

MEAN OF DFT IMAG PART = -442.46045
VARIANCE OF DFT IMAG PART = 39734.58

QUADRANT SNROUT OF DFT IMAG PART = 4.9270 = 6.9258 DB

3XX) OVERALL (REAL + IMAG) STATISTICS FOR BAUD TYPE 3 x

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 366.16089

BAUD VARIANCE = 35357.58
BAUD SNROUT = 3.7919 5.7886 DB
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INPUT SNRNB 3.162 5.000 DB

BAUD TYPE 4: KX = 2048 SAMPLE POINTS; K = 128 TONES

x GIVEN THE TRANSMITTED PHASE IS IN THE 1ST QUADRANT x*

NUMBER OF TONES = 38
MEAN OF DFT REAL PART = 754.15430

VARIANCE OF DFT REAL PART = 151360.81
QUADRANT SNROUT OF DFT REAL PART = 3.7576 = 5.7491 DB

MEAN OF DFT IMAG PART = 598.70117
VARIANCE OF DFT IMAG PART = 138265.00

QUADRANT SNROUT OF DFT IMAG PART = 2.5924 4.1371 DB

) GIVEN THE TRANSMITTED PHASE IS IN THE 2ND QUADRANT x*

NUMBER OF TONES = 34
MEAN OF DFT REAL PART = -842.04663

VARIANCE OF DFT REAL PART = 150349.12
QUADRANT SNROUT OF DFT REAL PART = 4.7160 = 6.7357 DB

MEAN OF DFT IMAG PART = 834.70776
VARIANCE OF DFT IMAG PART = 127103.50

QUADRANT SNROUT OF DFT I'lAG PART = 5.4817 7.3891 DB

x GIVEN THE TRANSMITTED PHASE IS IN THE 3RD QUADRANT x*

NUMBER OF TONES = 35
MEAN OF DFT REAL PART = -741.81006

VARIANCE OF DFT REAL PART = 168815.31
QUADRANT SNROUT OF DFT REAL PART = 3.2597 = 5.1317 DB

MEAN OF DFT IMAG PART = -688.02417
VARIANCE OF DFT IMAG PART = 155789.25

QUADRANT SN|ROUT OF DFT IMAG PART = 3.0386 4.8267 DB

*X GIVEN THE TRANSMITTED PHASE IS IN THE 4TH QUADRANT x

NUMBER OF TONES = 21
MEAN OF DFT REAL PART = 799.47021

VARIANCE OF DFT REAL PART = 159680.31
QUADRANT SNROUT OF DFT REAL PART = 4.0027 = 6.0235 DB

MEAN OF DFT IMAG PART = -665.15771
VARIANCE OF DFT I1AG PART = 149754.06

QUADRANT SNROUT OF DFT IMAG PART = 2.9544 = 4.7047 DB

) OVERALL (REAL + IMAG) STATISTICS FOR BAUD TYPE 4 (

TOTAL NUMBER OF POINTS, 2K = 256
BAUD MEAN = 739.13794

BAUD VARIANCE = 145479.56
BAUD SNROUT = 3.7553 5.7465 DB
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INPUT SNRNB 3.162 5.000 DB

BAUD TYPE 5: KX = 4096 SAMPLE POINTS; K = 256 TONES

GIVEN THE TRANSMITTED PHASE IS IN THE 1ST QUADRANT N

NUMBER OF TONES = 64
MEAN OF DFT REAL PART = 1508.21289

VARIANCE OF DFT REAL PART = 915649.00
QUADRANT SNROUT OF DFT REAL PART = 2.4843 = 3.9520 DB

MEAN OF DFT IMAG PART = 1605.33105
VARIANCE OF DFT IMAG PART = 823249.25

QUADRANT SNROUT OF DFT IMAG PA9T = 3.1304 4.9560 DB

Xx GIVEN THE TRANSMITTED PHASE IS IN THE 2ND QUADRANT w

NUMBER OF TONES = 61
MEAN OF DFT REAL PART = -1585.36865

VARIANICE OF DFT REAL PART = 762098.37
QUADRANT SNROUT ;F DFT REAL PART = 3.2980 = 5.1825 DB

MEAN OF OFT IMAG PART = 1415.77759
VARIANCE OF DFT IMAG PART = 1035021.56

QUADRANT SHROUT OF DFT IMAG PART = 1.9366 2.8704 DB

Xx GIVEN THE TRANSMITTED PHASE IS IN THE 3RD QUADRANT *X

NUMBER OF TONES = 59
MEAN OF DFT REAL PART = -1473.39185

VARIANCE OF DFT REAL PART = 538915.81
QUADRANT SNROUT OF DFT REAL PART = 4.0282 6.0512 DB

MEAN OF DFT IrMAG PART = -1342.45337
VARIANCE OF DFT IlAG PART = 845222.31

QUADRANT SNROUT OF DFT IMAG PART = 2.1322 3.2883 DB

Xx GIVEN THE TRANSMITTED PHASE IS IN THE 4TH QUADRANT x

NUMBER OF TONES = 72
MEAN OF DFT REAL PART = 1401.73340

VARIANCE OF DFT REAL PART = 632763.94
QUADRANT SNROUT OF DFT REAL PART = 3.1052 = 4.9209 DB

MEAN OF DFT IMAG PART = -1526.53638
VARIANCE OF OFT IMAG PART = 927957.37

QUADRANT SHROUT OF DFT IMAG PART = 2.5112 = 3.9989 DB

XXX OVERALL (REAL + IMAG) STATISTICS FOR BAUD TYPE 5

TOTAL NUMBER OF POINTS, 2K = 512
BAUD MEAN = 1483.02075

BAUD VARIANCE = 799351.69
BAUD SNROUT = 2.7514 4.3956 DB
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C. INPUT SNR = 10 dB

INPUT SNRNB = 10.000 = 10.000 DB

BAUD TYPE 1: KX = 256 SAMPLE POINTS; K = 16 TONES

x GIVEN THE TRANSMITTED PHASE IS IN THE 1ST QUADRANT

NUMBER OF TONES = 4
MEAN OF DFT REAL PART = 92.78491

VARIANCE OF DFT REAL PART = 840.84
QUADRANT SNROUT OF DFT REAL PART = 10.2386 = 10.1024 DB

MEAN OF DFT IMAG PART = 102.71246
VARIANCE OF DFT IMAG PART = 663.56

QUADRANT SNROUT OF DFT IAG PART = 15.8989 = 12.0137 DB

Xx GIVEN THE TRANSMITTED PHASE IS IN THE 2ND QUADRANT X

NUMBER OF TONES = 2
MEAN OF DFT REAL PART = -88.83499

VARIANCE OF DFT REAL PART = 42.97
QUADRANT SNROUT OF DFT REAL PART = 183.6700 = 22.6404 DB

MEAN OF DFT IMAG PART = 87.84000
VARIANCE OF DFT IMAG PART = 278.95

QUADRANT SNROUT OF DFT IMAG PART = 27.6602 = 14.4185 DB

x* GIVEN THE TRANSMITTED PHASE IS IN THE 3RD QUADRANT Xx

NUMBER OF TONES = 6
MEAN OF DFT REAL PART = -81.36990

VARIANCE OF DFT REAL PART = 1289.56
QUADRANT SNROUT OF DFT REAL PART = 5.1344 = 7.1049 DB

MEAN OF DFT IMAG PART = -111.58658
vARIAPNCE Or DFT IIt1 FART = 11 .19

QUADRANT SNROUT OF DFT IMAG PART = 110.0076 = 20.4142 DB

X* GIVEN THE TRANSMITTED PHASE IS IN THE 4TH QUADRANT Xx

NUMBER OF TONES 4
MEAN OF DFT REAL PART = 104.76740

VARIANCE OF DFT REAL PART = 75b.,/
QUADRANT SNROUT OF DFT REAL PART = 14.5137 = 11.6178 DB

MEAN OF DFT IMAG PART = -104.59491
VARIANCE OF DFT IMAG PART = 1164.08

QUADRANT SNROUT OF DFT IMAG PART = 9.3981 = 9.7304 DB

x OVERALL (REAL + IMAG) STATISTICS FOR BAUD TYPE 1 XXX

TOTAL NUMBER OF POINTS, 2K = 32
BAUD MEAN = 97.82896

BAUD VARIANCE = 568.06
BAUD SIJROUT = 16.8477 = 12.2654 DB
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INPUT SNRNB = 10.000 = 10.000 DB

BAUD TYPE 2: KX = 512 SAMPLE POINTS; K = 32 TONES

GIVEN THE TRANSMITTED PHASE IS IN THE 1ST QUADRANT

NUMBER OF TONES = 5
MEAN OF DFT REAL PART = 167.03993

VARIANCE OF DFT REAL PART = 1490.65
QUADRANT SNROUT OF DFT REAL PART = 18.7182 = 12.7226 DB

MEAN OF DFT IMAG PART 207.00189
VARIANCE OF DFT IMAG PART 5471.27

QUADRANT SNROUT OF DFT IMAG PAR'r 7.8318 8.9386 DB

GIVEN THE TRANSMITTED PHASE IS IN THE 2ND QUADRANT **

NUMBER OF TONES : 8
MEAN OF DFT REAL PART -163.52493

VARIANCE OF DFT REAL PART = 601U.42
QUADRANT SNROUT OF DFT REAL PART 4.4490 = 6.4826 DB

MEAN OF DFT IMAG PARI 167.12369
VARIANCE OF DFT IMAG PART 1969.51

QUADRANT SNROUT OF DFT IMAG PART 14.1813 = 11.5172 DB

GIVEN THE TRANSMITTED PHASE IS IN THE 3RD QUADRANT

NUMBER OF TONES = 10
MEAN OF DFT REAL PART = -184.25990

VARIANCE OF DFT REAL PART = 1965.78
QUADRANT SNROUT OF DFT REAL PART = 17.2714 = 12.3733 DB

MEAN OF DFT IMAG PART = -214.98996
VARIANCE OF DFT IMAG PART = 3034.56

QUADRANT SNROUT OF DFT IMAG PART = 15.2314 = 11.8274 DB

uk GIVEN THE TRANSMITTED PHASE IS IN THE 4TH QUADRANT

NUMBER OF TONES = 9
MEAN OF DFT REAL PART = 172.58655

VARIANCE OF DFT REAL PART = 4046.22
QUADRANT SNROUT OF DFT REAL PART = 7.3615 = 8.6696 DB

MEAN OF DFT IMAG PART = -191.69989
VARIANCE OF DFT IMAG PART = 2121.56

QUADRANT SHROUT OF DFT IMAG PART = 17.3216 = 12.3859 DB

X OVERALL (REAL + IMAG) STATISTICS FOR BAUD TYPE 2 X

TOTAL NUMBER OF POINTS, 2K = 64
BAUD MEAN = 184.16351

BAUD VARIANCE = 2826.23
BAUD SNROUT = 12.0005 = 10.7920 DB
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INPUT SNRNB = 10.000 = 10.000 DB

BAUD TYPE 3: KX = 1024 SAMPLE POINTS; K = 64 TONES

wX GIVEN THE TRANSMITTED PHASE IS IN THE 1ST QUADRANT Xx

NUMBER OF TONES = 13
MEAN OF DFT REAL PART =  341.20361

VARIANCE OF DFT REAL PART =  17078.35
QUADRANT SNROUT OF DFT REAL PART =  6.8168 = 8.3358 DB

MEAN OF DFT IMAG PART = 334.22290
VARIANCE OF DFT IMAG PART =  7515.77

QUADRANT SNROUT OF DFT IMAG PART = 14.8627 = 11.7210 DB

) GIVEN THE TRANSMITTED PHASE IS IN THE 2ND QUADRANT

NUMBER OF TONES = 15
MEAN OF DFT REAL PART = -406.96606

VARIANCE OF DFT REAL PART = 10785.23
QUADRANT SNROUT OF OFT REAL PART = 15.3563 = 11.8629 DB

MEAN OF OFT IWAG PART = 372,41919
VARIANCE OF OFT IMAG PART =  9200.02

QUADRANT SNROUT OF OFT IMAG PART = 15.0756 = 11.7828 DB

x GIVEN THE TRANSMITTED PHASE IS IN THE 3RD QUADRANT wX

NUMBER OF TONES = 20
MEAN OF DFT REAL PART = -363.32935

VARIANCE OF OFT REAL PART = 15794.66
QUADRANT SNROUT OF OFT REAL PART = 8.3578 = 9.2209 DB

MEAN OF DFT IMAG PART = -338.93921
VARIANCE OF DFT IIAG PART = 11063.66

QUADRANT SNFOUT OF OFT IMAG PART = 10.3835 10.1634 DB

X. GIVEN THE TRANSMITTED PHASE IS IN THE 4TH QUADRANT Xx

NUMBER OF TONES = 16
MEAN OF DFT REAL PART = 351.99341

VARIANCE OF DFT REAL PART z 9729.22
QUADRANT SIIROUT OF DFT REAL PART = 12.7348 = 11.0499 DB

MEAN OF DFT IMAG PART = -407.30591
VARIANCE OF DFT IMAG PART = 12552.48

QUADRANT SNROUT OF OFT IMAG PART = 13.2164 = 11.2111 DB

) OVERALL (REAL + IMAG) STATISTICS FOR BAUD TYPE 3 .

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 364.57397

BAUD VARIANCE = 11176.81
BAUD SNROUT = 11.8920 = 10.7525 DB
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INPUT SNRNB = 10.000 = 10.000 DB

BAUD TYPE 4: KX = 2048 SAMPLE POINTS; K = 128 TONES

GIVEN THE TRANSMITTED PHASE IS IN THE 1ST QUADRANT *

NUMBER OF TONES = 38
MEAN OF DFT REAL PART = 747.69604

VARIANCE OF DFT REAL PART = 47469.11
QUADRANT SNROUT OF DFT REAL PART = 11.7771 = 10.7104 DB

MEAN OF DFT IMAG PART = 660.96704
VARIANCE OF DFT IMAG PART = 43777.00

QUADP'ANT SNROUT OF DFT IMAG PART = 9.9796 9.9911 DB

*x GIVEN THE TRANSMITTED PHASE IS IN THE 2ND QUADRANT x

NUMBER OF TONES = 34
MEAN OF DFT REAL PART = -798.57202

VARIANCE OF OFT REAL PART 4 47932.87
QUADRANT SNROUT OF DFT REAL PART = 13.3044 = 11.2399 DB

MEAN OF DFT IMAG PART = 792.75439
VARIANCE OF DFT IMAG PART = 39958.12

QUADRANT SNROUT OF OFT IMAG PART = 15.7280 = 11.9667 DB

XX GIVEN THE TRANSMITTED PHASE IS IN THE 3RD QUADRANT XX

NUMBER OF TONES = 35
MEAN OF DFT REAL PART = -740.16992

VARIANCE OF DFT REAL PART = 53078.29
QUADRANT SNROUT OF DFT REAL PART = 10.3216 = 10.1375 DB

MEAN OF DFT IMAG PART = -711.70435
VARIANCE OF DFT IMAG PART = 49063.26

QUADRANT SNROUT OF DFT IMAG PART = 10.3239 = 10.1384 DB

** GIVEN THE TRANSMITTED PHASE IS IN THE 4TH QUADRANT XX

NUMBER OF TONES = 21
MEAN OF DFT REAL PART = 773.37500

VARIANCE OF DFT REAL PART = 50136.43
QUADR.A:JT SIROUT OF DFT REAL PART = 11.9296 = 10.7663 DB

MEAN OF DFT IMAG PART = -697.57031
VARIANCE OF OFT IMAG PART = 47513.27

QUADRANT SHROUT OF DFT IMAG PART = 10.2414 = 10.1036 DB

XX OVERALL (REAL + ±MAG) STATISTICS FOR BAUD TYPE 4 XX

TOTAL NUMBER OF POINTS, 2K = 256
BAUD MEAN = 739.60791

BAUD VARIANCE = 45891.41
BAUD SIIROUT = 11.9199 = 10.7627 DB
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INPUT SNRNB = 10.000 = 10.000 DB

BAUD TYPE 5: KX = 4096 SAMPLE POINTS; K = 256 TONES

* GIVEN THE TRANSMITTED PHASE IS IN THE 1ST QUADRANT x

NUMBER OF TONES = 64
MEAN OF DFT REAL PART = 1508.31250

VARIANCE OF DFT REAL PART = 292452.31
QUADRANT SNROUT OF DFT REAL PART = 7.7791 = 8.9093 DB

MEAN OF DFT IMAG PART = 1566.18359
VARIANCE OF DFT IMAG PART = 265130.50

QUADRANT SNROUT OF DFT IMAG PART = 9.2518 9.6623 DB

XX GIVEN THE TRANSMITTED PHASE IS IN THE 2ND QUADRANT w

NUMBER OF TONES = 61
MEAN OF DFT REAL PART = -1506.26514

VARIANCE OF DFT REAL PART = 242012.25
QUADRANT SNROUT OF DFT REAL PART = 10.0076 = 10.0033 DB

MEAN OF DFT IMAG PART = 1455.11865
VARIANCE OF DFT IlAG PART = 327317.06

QUADRANT SNROUT OF DFT IMAG PART = 6.4689 8.1083 DB

*x GIVEN THE TRANSMITTED PHASE IS IN THE 3RD QUA ANT *x

NUMBER OF TONES = 59
MEAN OF DFT REAL PART = -1487.87915

VARIANCE OF DFT REAL PART = 169614.31
QUADRANT SNROUT OF DFT REAL PART = 13.0519 = 11.1567 DB

MEAN OF DFT IMAG PART = -1417.67261
VARIANCE OF DFT IMAG PART = 265248.00

QUADRANT SNROUT OF DFT IMAG PART = 7.5770 8.7950 DB

X* GIVEN THE TRANSMITTED PHASE IS IN THE ATH QUADRANT *x

NUMBER OF TONES = 72
MEAN OF DFT REAL PART = 1450.37061

VARIANCE OF DFT REAL PART = 202104.12
QUADRANT SHROUT OF DFT REAL PART = 10.4084 = 10.1738 DB

MEAN OF DFT IMAG PART = -1517.82886
VARIANCE OF DFT IWAG PART = 292301.12

QUADRANT SNROUT OF DFT INAG PART = 7.8682 = 8.9587 DB

x OVERALL (REAL + IMAG) STATIST-CS FOR BAUD TYPE 5 x

TOTAL NUMBER OF POINTS, 2K = 512
BAUD MEAN = 1495.31201

BAUD VARIANCE = 253713.62
BAUD SNROUT = 8.8129 9.4512 DB
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D. INPUT SNR = 15 dB

INPUT SNRNB = 31.623 = 15.000 DB

BAUD TYPE 1: KX z 256 SAMPLE POINTS; K = 16 TONES

GIVEN THE TRANSMITTED PHASE IS IN THE 1ST QUADRANT W

NUMBER OF TONES 4
MEAN OF DFT REAL PART = 91.78998

VARIANCE OF DFT REAL PART = 265.70
QUADRANT SUROUT OF DFT REAL PART = 31.7097 = 15.0119 DB

MEAN OF DFT IMAG. PART = 97.37494
VARIANCE OF DFT IMAG PART = 209.96

QUADRANT SNROUT OF DFT IMAG PART = 45.1599 = 16.5475 DB

Xx GIVEN THE TRANSMITTED PHASE IS IN THE 2ND QUADRANT W

NUMBER OF TONES = 2
MEAN OF DFT REAL PART = -89.56999

VARIANCE OF DFT REAL PART = 13.62
QUADRANT SNROUT OF DFT REAL PART = 588.8657 = 27.7002 DB

MEAN OF DFT IMAG PART = 89.00999
VARIANCE OF DFT IWAG PART = 88.18

QUADRANT SNROUT OF DFT IMAG PART = 89.8486 = 19.5351 DB

Xx GIVEN THE TRANSMITTED PHASE IS IN THE 3RD QUADRANT 30(

NUMBER OF TONES = 6
MEAN OF DFT REAL PART = -85.36328

VARIANCE OF DFT REAL PART = 407.69
QUADRANT SNROUT OF DFT REAL PART = 17.8737 = 12.5221 DB

MIEAN OF DFT IMAG PART = -102.36160
VARIANCE OF DFT IMAG PART = 35.63

QUADRANT SNROUT OF DFT IMAG PART = 294.1055 = 24.6850 DB

AEx GIVEN THE TRANSMITTED PHASE IS IN THE 4TH QUADRANT XX

NUMBER OF TONES 4 4
MEAN OF DFT REAL PART =  98.51746

VARIANCE OF DFT REAL PART = 238.91
QUADRANT SNROUT OF DFT REAL PART = 40.6241 = 16.0878 DB

MEAN OF DFT IMAG PART = -98.39490
VARIANCE OF DFT IIAG PART = 366.81

QUADRANT SNROUT OF DFT IMAG PART = 26.3941 = 14.2151 DB

XXX OVERALL (REAL + IMAG) STATISTICS FOR BAU, TYPE 1 *XX

TOTAL NUMBER OF POINTS, 2K = 32
BAUD MEAN = 94.61931

BAUD VARIANCE = 179.44
BAUD SNROUT 4 49.8941 = 16.9805 DB
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INPUT SNRNB 31.623 = 15.000 DB

BAUD TYPE 2: KX = 512 SAMPLE POINTS; K = 32 TONES

) GIVEN THE TRANSMITTED PHASE IS IN THE 1ST QUADRANT )

NUMBER OF TONES = 5
MEAN OF DFT REAL PART = 173.05991

VARIANCE OF DFT REAL PART = 469.50
QUADRANT SNROUT OF DFT REAL PART = 63.7903 = 18.0475 DB

MEAN OF DFT IMAG PART = 195.51991
VARIANCE OF DFT IMAG PART = 1735.51

QUADRANT SNROUT OF DFT IMAG PART = 22.0270 = 13.4295 DB

x GIVEN THE TRANSMITTED PHASE IS IN THE 2ND QUADRANT x

NUMBER OF TONES = 8
MEAN OF DFT REAL PART = -171.09995

VARIANCE OF DFT REAL PART = 1899.12
QUADRANT SNROUT OF DFT REAL PART = 15.4151 = 11.8795 DB

MEAN OF DFT IMAG PART = 173.09988
VARIANCE OF DFT IMAG PART = 623.56

QUADRANT SNROUT OF DFT IMAG PART = 48.0524 = 16.8171 DB

x GIVEN THE TRANSMITTED PHASE IS IN THE 3RD QUADRANT X

NUMBER OF TONES = 10
MEAN OF DFT REAL PART = -182.69992

VARIANCE OF DFT REAL PART = 622.43
QUADRANT SNROUT OF DFT REAL PART = 53.6277 = 17.2939 DB

MEAN OF DFT IMAG PART = -200.01991
VARIANCE OF DFT IMAG PART = 961.04

QUADRANT SNROUT OF DFT IMAG PART = 41.6297 = 16.1940 DB

wx GIVEN THE TRANSMITTED PHASE IS IN THE 4TH QUADRANT w

NUMBER OF TONES = 9
MEAN OF DFT REAL PART = 176.17767

VARIANCE OF DFT REAL PART = 1279.21
QUADRANT SNROUT OF DFT REAL PART = 24.2639 = 13.8496 DB

MEAN OF DFT IMAG PART = -186.88879
VARIANCE OF DFT IMAG PART = 670.12

QUADRANT SNROUT OF DFT IMAG PART = 52.1213 = 17.1702 DB

x OVERALL (REAL + IMAG) STATISTICS FOR BAUD TYPE 2 wXX

TOTAL NUMBER OF POINTS, 2K =  64
BAUD MEAN = 182.67627

BAUD VARIANCE = 894.04
BAUD SNROUT = 37.3256 = 15.7201 DB
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INPUT SNRNB = 31.623 = 15.000 DB

BAUD TYPE 3: KX = 1024 SAMPLE POINTS; K = 64 TONES

x GIVEN THE TRANSMITTED PHASE IS IN THE 1ST QUADRANT

NUMBER OF TONES = 13
MEAN OF DFT REAL PART = 350.43823

VARIANCE OF DFT REAL PART = 5392.23
QUADRANT SNROUT OF DFT REAL PART = 22.7748 = 13.5745 DB

MEAN OF DFT IMAG PART = 346.65332
VARIANCE OF DFT IMAG PART = 2375.41

QUADRANT SNROUT OF DFT IMAG PART = 50.5885 = 17.0405 DB

XX GIVEN THE TRANSMITTED PHASE IS IN THE 2ND QUADRANT Xw

NUMBER OF TONES = 15
MEAN OF DFT REAL PART = -387.58618

VARIANCE OF DFT REAL PART = 3403.85
QUADRANT SNROUT OF DFT REAL PART = 44.1332 = 16.4476 DB

MEAN OF DFT IMAG PART = 368.07251
VARIANCE OF DFT IMAG PART = 2911.24

QUADRANT SNROUT OF DFT IMAG PART = 46.5359 = 16.6779 DB

X GIVEN THE TRANSMITTED PHASE IS IN THE 3RD QUADRANT )X

NUMBER OF TONES = 20
MEAN OF DFT REAL PART = -362.88428

VARIANCE OF DFT REAL PART = 4993.27
QUADRANT SNROUT OF DFT REAL PART = 26.3725 = 14.2115 DB

MEAN OF DFT IMAG PART = -349.39429
VARIANCE OF DFT IMAG PART = 3493.32

QUADRANT SNROUT OF DFT IMAG PART = 34.9457 = 15.4339 DB

*x GIVEN THE TRANSMITTED PHASE IS IN THE 4TH QUADRANT ,

NUMBER OF TONES = 16
MEAN OF DFT REAL PART = 356.73682

VARIANCE OF DFT REAL PART = 3080.93
QUADRANT SNROUT OF DFT REAL PART = 41.3060 = 16.1601 DB

MEAN OF DFT IMAG PART = -387.54321
VARIANCE OF DFT IMAG PART = 3962.38

QUADRANT SNROUT OF DFT IMAG PART = 37.9039 = 15.7868 DB

*xx OVERALL (REAL + IMAG) STATISTICS FOR BAUD TYPE 3 x

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 363.68042

BAUD VARIANCE = 3531.64
BAUD SNROUT = 37.4510 = 15.7346 DB
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INPUT SNRNB = 31.623 = 15.000 DB

BAUD TYPE 4: KX = 2048 SAMPLE POINTS; K = 128 TONES

x GIVEN THE TRANSMITTED PHASE IS IN THE 1ST QUADRANT

NUMBER OF TONES = 38
MEAN OF DFT REAL PART = 744.14038

VARIANCE OF DFT REAL PART = 14843.46
QUADRANT SNROUT OF DFT REAL PART = 37.3056 = 15.7177 DB

MEAN OF DFT IMAG PART = 696.01440
VARIANCE OF DFT IMAG PART = 13916.01

QUADRANT SNROUT OF DFT IMAG PART = 34.8114 = 15.4172 DB

x GIVEN THE TRANSMITTED PHASE IS IN THE 2ND QUADRANT x

NUMBER OF TONES = 34
MEAN OF DFT REAL PART = -774.12231

VARIANCE OF DFT REAL PART = 15403.46
QUADRANT SNROUT OF DFT REAL PART = 38.9046 = 15.9000 DB

MEAN OF DFT IMAG PART = 769.15747
VARIANCE OF DFT IMAG PART = 12525.41

QUADRANT SNROUT OF DFT IMAG PART = 47.2322 = 16.7424 DB

3x GIVEN THE TRANSMITTED PHASE IS IN THE 3RD QUADRANT x

NUMBER OF TONES = 35
MEAN OF DFT REAL PART = -739.27295

VARIANCE OF DFT REAL PART = 16651.30
QUADRANT SNROUT OF DFT REAL PART = 32.8217 = 15.1616 DB

MEAN OF DFT IMAG PART = -725.06152
VARIANCE OF DFT IMAG PART = 15437.08

QUADRANT SHROUT OF DFT IMAG PART = 34.0553 = 15.3218 DB

Xx GIVEN THE TRANSMITTED PHASE IS IN THE 4TH QUADRANT x

NUMBER OF TONES = 21
MEAN OF DFT REAL PART = 758.77905

VARIANCE OF DFT REAL PART = 15687.69
QUADRANT SNROUT OF DFT REAL PART = 36.7005 = 15.6467 DB

MEAN OF DFT IMAG PART = -715.81812
VARIANCE OF DFT IMAG PART = 15135.91

QUADRANT SNROUT OF DFT IMAG PART = 33.8530 = 15.2960 DB

x OVERALL (REAL + IMAG) STATISTICS FOR BAUD TYPE 4 x

TOTAL NUMBER OF POINTS, 2K =  256
BAUD MEAN =  739.90381

BAUD VARIANCE = 14483.24
BAUD SNROUT = 37.7994 = 15.7748 DB
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INPUT SNRNB = 31.623 = 15.000 DB

BAUD TYPE 5: KX = 4096 SAMPLE POINTS; K = 256 TONES

XX GIVEN THE TRANSMITTED PHASE IS IN THE 1ST QUADRANT W

NUMBER OF TONES = 64
MEAN OF DFT REAL PART = 1508.39551

VARIANCE OF DFT REAL PART = 94514.62
QUADRANT SNROUT OF DFT REAL PART = 24.0731 = 13.8153 DB

MEAN OF DFT IMAG PART = 1544.17187
VARIANCE OF DFT IMAG PART = 87073.12

QUADRANT SNROUT OF DFT IMAG PART = 27.3846 = 14.3751 DB

) GIVEN THE TRANSMITTED PHASE IS IN THE 2ND QUADRANT ,

NUMBER OF TONES = 61
MEAN OF DFT REAL PART = -1539.88403

VARIANCE OF DFT REAL PART = 77501.44
QUADRANT SNROUT OF DFT REAL PART = 30.5961 = 14.8567 DB

MEAN OF DFT IMAG PART = 1477.20898
VARIANCE OF DFT IMAG PART = 103902.56

QUADRANT SNROUT OF DFT IMAG PART = 21.0018 = 13.2226 DB

Xx GIVEN THE TRANSMITTED PHASE IS IN THE 3RD QUADRANT *X

NUMBER OF TONES = 59
MEAN OF DFT REAL PART = -1496.03369

VARIANCE OF DFT REAL PART = 53483.48
QUADRANT SHROUT OF DFT REAL PART = 41.8469 = 16.2166 DB

MEAN OF DFT IMAG PART = -1459.93311
VARIANCE OF DFT IMAG PART = 83136.06

QUADRANT SNROUT OF DFT IMAG PART = 25.6375 = 14.0888 DB

Xx GIVEN THE TRANSMITTED PHASE IS IN THE 4TH QUADRANT *X

NUMBER OF TONES = 72
MEAN OF DFT REAL PART = 1477.83325

VARIANCE OF DFT REAL PART = 65498.62
QUADRANT SNROUT OF DFT REAL PART = 33.3441 = 15.2302 DB

MEAN OF DFT IMAG PART = -1512.91821
VARIANCE OF DFT IMAG PART = 92605.37

QUADRANT SNROUT OF DFT IMAG PART = 24.7169 = 13.9299 DB

Xxx OVERALL (REAL + IMAG) STATISTICS FOR BAUD TYPE 5 *XX

TOTAL NUMBER OF POINTS, 2K = 512
BAUD MEAN = 1502.23193

BAUD VARIANCE = 81161.50
BAUD SHROUT = 27.8051 = 14.4412 DB
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E. INPUT SNR = 20 dB

INPUT SNRNB = 100.000 = 20.000 DB

BAUD TYPE 1: KX = 256 SAMPLE POINTS; K = 16 TONES

Xx GIVEN THE TRANSMITTED PHASE IS IN THE 1ST QUADRANT WX

NUMBER OF TONES = 4
MEAN OF DFT REAL PART = 91.23743

VARIANCE OF DFT REAL PART = 84.15
QUADRANT SNROUT OF DFT REAL PART = 98.9206 = 19.9529 DB

MEAN OF DFT IMAG PART = 94.37244
VARIANCE OF DFT IMAG PART = 66.41

QUADRANT SNROUT OF DFT IMAG PART = 134.1027 = 21.2744 DB

Xx GIVEN THE TRANSMITTED PHASE IS IN THE 2ND QUADRANT X)

NUMBER OF TONES = 2
MEAN OF DFT REAL PART = -89.98000

VARIANCE OF DFT REAL PART = 4.32
QUADRANT SNROUT OF DFT REAL PART = *XXXXX = 32.7263 DB

MEAN OF DFT IMAG PART = 89.66499
VARIANCE OF DFT IMAG PART = 27.90

QUADRANT SNROUT OF DFT IMAG PART = 288.1604 = 24.5963 DB

x GIVEN THE TRANSMITTED PHASE IS IN THE 3RD QUADRANT XX

NUMBER OF TONES = 6
MEAN OF DFT REAL PART = -87.61157

VARIANCE OF DFT REAL PART = 129.06
QUADRANT SNROUT OF DFT REAL PART = 59.4730 = 17.7432 DB

MEAN OF DFT IMAG PART = -97.17159
VARIANCE OF DFT IMAG PART = 11.23

QUADRANT SNROUT OF DFT IMAG PART = 840.5669 = 29.2457 DB

XX GIVEN THE TRANSMITTED PHASE IS IN THE 4TH QUADRANT *X

NUMBER OF TONES = 4
MEAN OF DFT REAL PART = 95.00745

VARIANCE OF DFT REAL PART = 75.29
QUADRANT S14ROUT OF DFT REAL PART = 119.8836 = 20.7876 DB

MEAN OF DFT IMAG PART = -94.95740
VARIANCE OF DFT IMAG PART = 116.38

QUADRANT SNROUT OF DFT IMAG PART = 77.4774 = 18.8917 DB

x OVERALL (REAL + IMAG) STATISTICS FOR BAUD TYPE 1 wXX

TOTAL NUMBER OF POINTS, 2K = 32
BAUD MEAN = 92.82147

BAUD VARIANCE = 56.79
BAUD SNROUT = 151.7199 = 21.8104 DB
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INPUT SNRNB = 100.000 = 20.000 DB

BAUD TYPE 2: KX = 512 SAMPLE POINTS; K = 32 TONES

*X GIVEN THE TRANSMITTED PHASE IS IN THE 1ST QUADRANT X

NUMBER OF TONES = 5
MEAN OF DFT REAL PART = 176.45985

VARIANCE OF DFT REAL PART = 147.68
QUADRANT SNROUT OF DFT REAL PART = 210.8442 = 23.2396 DB

MEAN OF DFT IMAG PART = 189.09990
VARIANCE OF DFT IMAG PART = 549.10

QUADRANT SNROUT OF DFT IMAG PART = 65.1219 = 18.1373 DB

w GIVEN THE TRANSMITTED PHASE IS IN THE 2ND QUADRANT x

NUMBER OF TONES = 8
MEAN OF DFT REAL PART = -175.34995

VARIANCE OF DFT REAL PART = 599.80
QUADRANT S1ROUT OF DFT REAL PART = 51.2631 = 17.0980 DB

MEAN OF DFT IMAG PART = 176.44992
VARIANCE OF DFT IMAG PART = 197.26

QUADRANT SNROUT OF DFT IMAG PART = 157.8330 = 2i.98ZO Db

w GIVEN THE TRANSMITTED PHASE IS IN THE 3RD QUADRANT x

NUMBER OF TONES = 10
MEAN OF DFT REAL PART = -181.83990

VARIANCE OF DFT REAL PART = 197.03
QUADRANT SNROUT OF DFT REAL PART = 167.8235 = 22.2485 DB

MEAN OF DFT IMAG PART = -191.60988
VARIANCE OF DFT IMAG PART = 304.44

QUADRANT SNROUT OF DFT IMAG PART = 120.5977 = 20.8134 DB

) GIVEN THE TRANSMITTED PHASE IS IN THE 4TH QUADRANT *(

NUMBER OF TONES = 9
MEAN OF DFT REAL PART = 178.21101

VARIANCE OF DFT REAL PART = 405.12
QUADRANT SHROUT OF DFT REAL PART = 78.3938 = 18.9428 DB

MEAN OF DFT IMAG PART = -184.21101
VARIANCE OF DFT IMAG PART = 211.55

QUADRANT SNROUT OF DFT IMAG PART = 160.4063 = 22.0522 DB

KKK OVERALL (REAL + IMAG) STATISTICS FOR BAUD TYPE 2 KKK

TOTAL NUMBER OF POINTS, 2K = 64
BAUD MEAN = 181.85138

BAUD VARIANCE = 282.75
BAUD SNROUT = 116.9591 = 20.6803 DB
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INPUT SNRNB = 100.000 = 20.000 DB

BAUo TYPE 3: KX = 1024 SAMPLE POINTS; K = 64 TONES

x GIVEN THE TRANSMITTED PHASE IS IN THE 1ST QUADRANT 3

NUMBER OF TONES = 13

MEAN OF DFT REAL PART = 355.62256
VARIANCE OF DFT REAL PART = 1701.75

QUADRANT SNROUT OF DFT REAL PART = 74.3160 = 18.7108 DB

MEAN OF DFT IMAG PART = 353.64551
VARIANCE OF DFT IMAG PART = 749.14

QUADRANT SNROUT' OF DFT IMAG PART = 166.9445 = 22.2257 DB

) GIVEN THE TRANSMITTED PHASE IS IN THE 2ND QUADRANT XX

NUMBER OF TONES = 15
MEAN OF DFT REAL PART = -376.68604

VARIANCE OF DFT REAL PART = 1074.68
QUADRANT SNROUT OF DFT REAL PART = 132.0319 = 21.2068 DB

MEAN OF DFT IMAG PART = 365.62622
VARIANCE OF DFT IMAG PART = 922.01

Q;ADRANT SNROUT OF DFT IMAG PART = 144.9895 = 21.6134 DB

x GIVEN THE TRANSMITTED PHASE IS IN THE 3RD QUADRANT x

NUMBER OF TONES = 20
MEAN OF DFT REAL PART = -362.62378

VARIANCE OF DFT REAL PART = 1577.91
QUADRANT SNROUT OF DFT REAL PART = 83.3354 = 19.2083 DB

MEAN OF DFT IMAG PART = -355.27930
VARIANCE OF DFT IMAG PART = 1101.76

QUADRANT SNROUT OF DFT IMAG PART = 114.5647 = 20.5905 DB

xx GIVEN THE TRANSMITTED PHASE IS IN THE 4TH QUADRANT XX

NUMBER OF TONES = 16
MEAN OF DFT REAL PART = 359.39941

VARIANCE OF DFT REAL PART = 977.57
QUADRANT SNROUT OF DFT REAL PART = 132.1315 = 21.2101 DB

MEAN OF DFT IMAG PART = -376.43091
VARIANCE OF DFT IMAG PART = 1248.45

QUADRANT SNROUT OF DFT IMAG PART = 113.5008 = 20.5500 DB

OVERALL (REAL + IMAG) STATISTICS FOR BAUD TYPE 3 Xxx

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 363.17578

BAUD VARIANCE = 1115.50
BAUD SNROUT = 118.2399 = 20.7276 DB
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INPUT SNRNB m 100.000 = 20.000 DB

BAUD TYPE 4: KX = 2048 SAMPLE POINTS; K = 128 TONES

X GIVEN THE TRANSMITTED PHASE IS IN THE 1ST QUADRANT W*

NUMBER OF TONES = 38
MEAN OF DFT REAL PART = 742.11963

VARIANCE OF DFT REAL PART = 4625.64
QUADRANT SNROUT OF DFT REAL PART = 119.0627 = 20.7578 DB

MEAN OF DFT IMAG PART = 715.70630
VARIANCE OF DFT IMAG PART = 4457.19

QUADRANT SNROUT OF DFT IMAG PARt = 114.9235 = 20.6041 DB

Xx GIVEN THE TRANSMITTED PHASE IS IN THE 2ND QUADRANT XX

)NUMBER OF TONES = 34
MFAN OF DFT REAL PART = -760.36914

VARIANCE OF DFT REAL PART = 5032.17
QUADRANT SNROUT OF DFT REAL PART = 114.8930 = 20.6029 DB

MEAN OF DFT IMAG PART = 755.90723
VARIANCE OF DFT IMAG PART = 3920.06

QUADRANT SNROUT OF DFT IMAG PART = 145.7620 = 21.6364 DB

XX GIVEN THE TRANSMITTED PHASE IS IN THE 3RD QUADRANT x

NUMBER OF TONES = 35
MEAN OF DFT REAL PART = -738.78418

VARIANCE OF DFT REAL PART = 5230.00
QUADRANT SNROUT OF DFT REAL PART = 104.3598 = 20.1853 DB

MEAN OF DFT IMAG PART = -732.57861
VARIANCE OF DFT IMAG PART = 4854.96

QUADRANT SNROUT OF DFT IMAG PART = 110.5407 = 20.4352 DB

GIVEN THE TRANSMITTED PHASE IS IN THE 4TH QUADRANT x

NUMBER OF TONES = 21
MEAN OF DFT REAL PART = 750,57007

VARIANCE OF DFT REAL PART = 4882.30
QUADRANT SHROUT OF OFT REAL PART = 115.3872 = 20.6216 DB

MEAN OF DFT IMAG PART = -726.06567
VARIANCE OF DFT IMAG PART = 4864.54

QUADRANT SNROUT OF DFT IMAG PART = 108.3701 = 20.3491 DB

xx OVERALL (REAL + IMAG) STATISTICS FOR BAUD TYPE 4 x

TOTAL NUMBER OF POINTS, 2K = 256
BAUD MEAN = 740.06909

BAUD VARIANCE = 4585.54
BAUD SNROUT = 119.4413 = 20.7715 DB
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INPUT SNRNB = 100.000 = 20.000 DB

BAUD TYPE 5: KX = 4096 SAMPLE POINTS; K = 256 TONES

WX GIVEN THE TRANSMITTED PHASE IS IN THE 1ST QUADRANT X

NUMBER OF TONES = 64
MEAN OF DFT REAL PART = 1508.39062

VARIANCE OF DFT REAL PART = 31407.17
QUADRANT SNROUT OF DFT REAL PART = 72.4434 = 18.6000 DB

MEAN OF DFT IMAG PART = 1531.78125
VARIANCE OF DFT IMAG PART = 29779.73

QUADRANT SNROUT OF DFT IMAG PART = 78.7903 = 18.9647 DB

) GIVEN THE TRANSMITTED PHASE IS IN THE 2ND QUADRANT X

NUMBER OF TONES = 61
MEAN OF DFT REAL PART = -1530.73755

VARIANCE OF DFT REAL PART = 25465.21
QUADRANT SNROUT OF DFT REAL PART = 92.0140 = 19.6385 DB

MEAN OF DFT IMAG PART = 1489.81445
VARIANCE OF DFT IMAG PART = 33534.58

QUADRANT SNROUT OF DFT IMAG PART = 66.1868 = 18.2077 DB

x GIVEN THE TRANSMITTED PHASE IS IN THE 3RD QUADRANT XX

NUMBER OF TONES = 59
MEAN OF DFT REAL PART = -1500.62695

VARIANCE OF DFT REAL PART = 17125.93
QUADRANT SNROUT OF DFT REAL PART = 131.4895 = 21.1889 DB

MEAN OF DFT IMAG PART = -1483.72876
VARIANCE OF DFT IMAG PART = 26270.10

QUADRANT SNROUT OF DFT IMAG PART = 83.8006 = 19.2325 DB

GIVEN THE TRANSMITTED PHASE IS IN THE 4TH QUADRANT )

NUMBER OF TONES = 72
MEAN OF DFT REAL PART = 1493.18042

VARIANCE OF DFT REAL PART = 22084.69
QUADRANT SNROUT OF DFT REAL PART = 100.9562 = 20.0413 DB

MEAN OF DFT IMAG PART = -1510.18042
VARIANCE OF DFT IMAG PART = 29661.86

QUADRANT SNROUT OF DFT IMAG PART = 76.8881 = 18.8586 DB

) OVERALL (REAL + IMAG) STATISTICS FOR BAUD TYPE 5 WXx

TOTAL NUMBER OF POINTS, 2K = 512
BAUD MEAN = 1506.13916

BAUD VARIANCE = 26586.55
BAUD SNROUT = 85.3234 = 19.3107 DB
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APPENDIX D. STATISTICS OF SNROUT VS. DOPPLER ANALYSIS

A. INPUT SNR = 15 dB

SNROUT VS. DOPPLER TEST -- EPSILON = 0.00

INPUT SNRNB 31.623 15.000 DB

BAUD TYPE 3: KX = 1024 SAMPLE POINTS; K = 64 TONES

OVERALL (REAL + IMAG) STATISTICS FOR THE 1ST BAUD w

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 358.19678

BAUD VARIANCE = 3614.89
BAUD SNROUT = 35.4935 = 15.5015 DB

* OVERALL (REAL + IMAG) STATISTICS FOR THE 2ND BAUD X)

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 359.38672

BAUD VARIANCE 4 4296.25
BAUD SHROUT = 30.0631 14.7803 DB

XX OVERALL (REAL + IMAG) STATISTICS FOR THE 3RD BAUD w

TOTAL NUMBER OF POINTS, 2K z 128
BAUD MEAN z 353.96387

BAUD VARIANCE z 3632.05
BAUD SHROUT z 34.4958 = 15.3777 DB

* OVERALL (REAL + IMAG) STATISTICS FOR THE 4TH BAUD w

TOTAL NUMIBER OF POINTS, 2K = 128
BAUD MEAN = 360.04858

BAUD VARIANCE - 3868.04
BAUD SNROUT 33.5144 = 15.2523 DB

X* OVERALL (REAL + IMAG) STATISTICS FOR THE 5TH BAUD Xx

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 344.44604

BAUD VARIANCE = 5204.43
BAUD SNROUT = 22.7965 13.5787 DB

*X TOTAL OVER ALL 5 BAUDS WITH EPSILON = 0.00 *

TOTAL NUMBER OF BAUDS = 5
MEAN SNROUT = 14.8981 DB

STANDARD DEVIATION OF SHROUT = 0.7865 DB
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SNROUT VS. DOPPLER TEST -- EPSILON = 0.25

INPUT SNRNB 31.623 15.000 DB

BAUD TYPE 3: KX = 1024 SAMPLE POINTS; K = 64 TONES

OVERALL (REAL + IMAG) STATISTICS FOR THE 1ST BAUD 3*

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 356.60303

BAUD VARIANCE = 4178.20
BAUD SNROUT = 30.4355 = 14.8338 DB

x* OVERALL (REAL + IMAG) STATISTICS FOR THE 2ND BAUD )

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 357.83740

BAUD VARIANCE = 4579.19
BAUD SNROUT = 27.9630 = 14.4658 DB

X OVERALL (REAL + IMAG) STATISTICS FOR THE 3RD BAUD X

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 352.04834

BAUD VARIANCE = 3697.63
BAUD SHROUT = 33.5182 = 15.2528 DB

x OVERALL (REAL + IMAG) STATISTICS FOR THE 4TH BAUD )

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 358.16406

BAUD VARIANCE = 4301.95
BAUD SNROUT = 29.8194 = 14.7450 DB

OVERALL (REAL + IMAG) STATISTICS FOR THE 5TH BAUD x*

TOTAL NUMBER OF, POINTS, 2K = 128
BAUD MEAN = 342.34058

BAUD VARIANCE = 5904.97
BAUD SNROUT = 19.8472 z 12.9770 DB

w TOTAL OVER ALL 5 BAUDS WITH EPSILON = 0.25 .*)*

TOTAL NUMBER OF BAUDS 5
MEAN SHROUT = 14.4549 DB

STANDARD DEVIATION OF SHROUT = 0.8730 DB
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SNROUT VS. DOPPLER TEST -- EPSILON = 0.50

INPUT SNRNB = 31.623 = 15.000 DB

BAUD TYPE 3: KX = 1024 SAMPLE POINTS; K = 64 TONES

w OVERALL (REAL + IMAG) STATISTICS FOR THE 1ST BAUD

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 351.68213

BAUD VARIANCE = 5379.54
BAUD SNROUT = 22.9909 = 13.6156 DB

x OVERALL (REAL + IMAG) STATISTICS FOR THE 2ND BAUD X

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 353.07666

BAUD VARIANCE = 5645.37
BAUD SNROUT = 22.0823 13.4404 DB

OVERALL (REAL + IMAG) STATISTICS FOR THE 3RD BAUD w

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 346.26807

BAUD VARIANCE = 4283.94
BAUD SNROUT = 27.9886 = 14.4698 DB

OVERALL (REAL + IMAG) STATISTICS FOR THE 4TH BAUD XX

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 352.39697

BAUD VARIANCE = 5489.51
BAUD SNROUT = 22.6220 = 13.5453 DB

XX OVERALL (REAL + IMAG) STATISTICS FOR THE 5TH BAUD X

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 335.90625

BAUD VARIANCE = 7204.71
BAUD SNROUT = 15.6610 11.9482 DB

Xx TOTAL OVER ALL 5 BAUDS WITH EPSILON = 0.50,*)

TOTAL NUMBER OF BAUDS = 5
MEAN SHROUT = 13.4039 DB

STANDARD DEVIATION OF SNROUT = 0.9112 DB
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SNROUT VS. DOPPLER TEST -- EPSILON = 0.75

INPUT SNRNB 31.623 15.000 DB

BAUD TYPE 3: KX = 1024 SAMPLE POINTS; K = 64 TONES

XX OVERALL (REAL + IMAG) STATISTICS FOR THE 1ST BAUD XX

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 343.56445

BAUD VARIANCE = 7197.11
BAUD SNROUT = 16.4005 = 12.1486 DB

xx OVERALL (REAL + IMAG) STATISTICS FOR THE 2ND BAUD Xx

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 345.20166

BAUD VARIANCE = 7479.94
BAUD SNROUT = 15.9312 = 12.0225 DB

X OVERALL (REAL + IMAG) STATISTICS FOR THE 3RD BAUD XX

TOTAL NUMBER OF POINTS, 2K = 128
BAUD I.EAN = 336.72485

BAUD VARIANCE = 5392.54
BAUD SNROUT = 21.0260 = 13.2276 DB

X( OVERALL (REAL + IMAG) STATISTICS FOR THE 4TH BAUD X,

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MIEAN = 342.88135

BAUD VARIANCE = 7409.56
BAUD SHROUT = 15.8670 = 12.0049 DB

XX OVERALL (REAL + IMAG) STATISTICS FOR THE 51H BAUD XX

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN 325.28076

BAUD VARIANCE 9073.28
BAUD SNROUT 11.6614 10.6675 DB

XXX TOTAL OVER ALL'5 BAUDS HITH EPSILON = 0.75 *X

TOTAL NUMBER OF BAUDS z 5
MEAN SNROUT = 12.0142 DB

STANDARD DEVIATION OF SNROUT = 0.9088 DB

115



SNROUT VS. DOPPLER TEST -- EPSILON = 1.00

INPUT SNRNB 31.623 15.000 DB

BAUD TYPE 3: KX = 1024 SAMPLE POINTS; K = 64 TONES

Xx OVERALL (REAL + IMAG) STATISTICS FOR THE 1ST BAUD 3

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 332.46948

BAUD VARIANCE = 9581.14
BAUD SNROUT = 11.5368 = 10.6209 DB

Xx OVERALL (REAL + IMAG) STATISTICS FOR THE 2ND BAUD Xx

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 334.46362

BAUD VARIANCE = 10027.16
BAUD SNROUT = 11.1563 = 10.4752 DB

Xx OVERALL (REAL + IMAG) STATISTICS FOR THE 3RD BAUD

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 323.73706

BAUD VARIANCE = 7001.29
BAUD SNROUT = 14.9695 = 11.7521 DB

Xx OVERALL (REAL + IMAG) STATISTICS FOR THE 4TH BAUD

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 329.95630

BAUD VARIANCE = 10013.46
BAUD SNROUT = 10.8725 10.3633 DB

X OVERALL (REAL + IMAG) STATISTICS FOR THE 5TH BAUD X

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 310.86450

BAUD VARIANCE = 11450.02
BAUD SNROUT = 8.4399 9.2634 DB

x TOTAL OVER ALL 5 BAUDS WITH EPSILON = 1.00 x

TOTAL NUMBER OF BAUDS = 5
MEAN SNROUT = 10.4949 DB

STANDARD DEVIATION OF SNROUT = 0.8847 DB
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SNROUT VS. DOPPLER TEST -- EPSILON = 1.25

INPUT SNRNB = 31.623 15.000 DB

BAUD TYPE 3: KX = 1024 SAMPLE POINTS; K = 64 TONES

) OVERALL (REAL + IMAG) STATISTICS FOR THE 1ST BAUD x

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 318.38794

BAUD VARIANCE = 12548.15
BAUD SNROUT = 8.0786 = 9.0733 DB

EE OVERALL (REAL + IMAG) STATISTICS FOR THE 2ND BAUD W

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 320.88208

BAUD VARIANCE x 13305.20
BAUD SNROUT = 7.7387 = 8.8867 DB

OVERALL (REAL + IMAG) STATISTICS FOR THE 3RD BAUD

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 307.26807

BAUD VARIANCE = 9126.79
BAUD SNROUT = 10.3447 = 10.1472 DB

x OVERALL (REAL + IMAG) STATISTICS FOR THE 4TH BAUD

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 313.63037

BAUD VARIANCE = 13315.13
BAUD SNROUT = 7.3874 = 8.6849 DB

x OVERALL (REAL + IWAG) STATISTICS FOR THE 5TH BAUD x

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 292.66162

BAUD VARIANCE = 14353.81
BAUD SHROUT = 5.9671 - 7.7576 DB

X TOTAL OVER ALL 5 BAUDS WITH EPSILON 
= 1.25 .

TOTAL NUMBER OF BAUDS =  5
MEAN SNIROUT =  8.9099 DB

STANDARD DEVIATION OF SNROUT 
=  0.8568 DB
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SNROUT VS. DOPPLER TEST -- EPSILON = 1.50

INPUT SNRNB 31.623 15.000 DB

BAUD TYPE 3: KX = 1024 SAMPLE POINTS; K = 64 TONES

x OVERALL (REAL + IMAG) STATISTICS FOR THE 1ST BAUD x

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 301.64111

BAUD VARIANCE = 16039.55
BAUD SNROUT = 5.6727 = 7.5379 DB

x OVERALL (REAL + IMAG) STATISTICS FOR THE 2ND BAUD x

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 304.77563

BAUD VARIANCE = 17242.49
BAUD SNROUT = 5.3872 = 7.3136 DB

x OVERALL (REAL + IMAG) STATISTICS FOR THE 3RD BAUD )

TOTAL NUMBER OF POINTS, 2K z 128
BAUD MEAN x 287.72412

BAUD VARIANCE 11751.02
BAUD SHROUT 7.04(,9 = 8.4788 DB

x OVERALL (REAL + IMAG) STATISTICS FOR THE 4TH BAUD )

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 294.33276

BAUD VARIANCE = 17252.69
BAUD SNROUT = 5.0213 = 7.0082 DB

x OVERALL (REAL + IMAG) STATISTICS FOR THE 5TH BAUD

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 271.16650

BAUD VARIANCE = 17716.52
BAUD SNROUT = 4.1504 = 6.1809 DB

Xxx TOTAL OVER ALL 5 BAUDS WITH EPSILON = 1.50 w

TOTAL NUMBER OF BAUDS = 5
MEAN SNROUT = 7.3039 DB

STANDARD DEVIATION OF SNROUT = 0.8342 DB
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SNROUT VS. DOPPLER TEST -- EPSILON = 1.75

INPUT SNRNB 31.623 15.000 DB

BAUD TYPE 3: KX = 1024 SAMPLE POINTS; K = 64 TONES

XX OVERALL (REAL + IMAG) STATISTICS FOR THE 1ST BAUD XX

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 282.71875

BAUD VARIANCE = 19969.26
BAUD SNROUT = 4.0026 = 6.0235 DB

Xx OVERALL (REAL + IMAG) STATISTICS FOR THE 2ND BAUD XX

TOTAL NUMBER OF POINTS, 2K : 128
BAUD MEAN = 286.64087

BAUD VARIANCE = 21735.70
BAUD SNROUT = 3.7801 = 5.7750 DB

X OVERALL (REAL + IMAG) STATISTICS FOR THE 3RD BAUD XX

TOTAL NUMBER OF POINTS, 2K 128
BAUD MEAN 265.68335

BAUD VARIANCE 14806.48
BAUD SHROUT 4.7673 = 6.7828 DB

XX OVERALL (REAL + IMAG) STATISTICS FOR THE 4TH BAUD xX

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 272.69653

BAUD VARIANCE = 21720.69
BAUD SNROUT = 3.4236 = 5.3449 DB

XX OVERALL (REAL + IMAG) STATISTICS FOR THE 5TH BAUD XX

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 247.10403

BAUD VARIANCE = 21451.55
BAUD SUROUT 2 2.8464 = 4.5430 DB

XXX TOTAL OVER ALL 5 BAUDS WITH EPSILON = 1.75 X(X

TOTAL NUMBER OF BAUDS = 5
MEAN SNROUT = 5.6938 DB

STANDARD DEVIATION OF SNROUT = 0.8287 DB
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SNROUT VS. DOPPLER TEST -- EPSILON = 2.00

INPUT SNRNB 31.623 = 15.000 DB

BAUD TYPE 3: KX = 1024 SAMPLE POINTS; K = 64 TONES

OVERALL (REAL + IMAG) STATISTICS FOR THE 1ST BAUD X

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 261.53735

BAUD VARIANCE = 24362.90
BAUD SNROUT = 2.8076 = 4.4834 DB

OVERALL (REAL + IMAG) STATISTICS FOR THE 2ND BAUD X

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 266.46338

BAUD VARIANCE = 26814.79
BAUD SNROUT = 2.6479 = 4.2290 DB

X OVERALL (REAL + IMAG) STATISTICS FOR THE 3RD BAUD -

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 242.98599

BAUD VARIANCE = 18343.12
BAUD SNROUT = 3.2188 = 5.0769 DB

X OVERALL (REAL + IMAG) STATISTICS FOR THE 4TH BAUD XX

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 248.73459

BAUD VARIANCE = 26755.45
BAUD SNROUT = 2.3124 = 3.6406 DB

Xx OVERALL (REAL + IMAG) STATISTICS FOR THE 5TH BAUD x*

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 239.01096

BAUD VARIANCE = 25535.32
BAUD SNROUT = 2.2328 3.4884 DB

x* TOTAL OVER ALL 5 BAUDS W4ITH EPSILON = 2.00 *

TOTAL NUMBER OF BAUDS = 5
rMIEAN SNROUT = 4.1837 DB

STANDARD DEVIATION OF SNROUT = 0.6(#58 DB
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SNROUT VS. DOPPLER TEST -- EPSILON = 2.25

INPUT SNRNB 31.623 15.000 DB

BAUD TYPE 3: KX = 1024 SAMPLE POINTS; K = 64 TONES

XX OVERALL (REAL + IMAG) STATISTICS FOR THE IST BAUD X

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 243.64471

BAUD VARIANCE = 29136.31
BAUD SNROUT = 2.0374 = 3.0908 DB

x OVERALL (REAL + IMAG) STATISTICS FOR THE 2ND BAUD x

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 248.93130

BAUD VARIANCE = 32359.91
BAUD SNROUT = 1.9149 = 2.8215 DB

x OVERALL (REAL + IMAG) STATISTICS FOR THE 3RD BAUD wX

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 240.99722

BAUD VARIANCE = 22283.86
BAUD SNROUT = 2.6064 = 4.1603 DB

x OVERALL (REAL + IMAG) STATISTICS FOR THE 4TH BAUD )X

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 230.72388

BAUD VARIANCE = 32238.76
BAUD SNROUT = 1.6512 = 2.1781 DB

Xx* OVERALL (REAL + IMAG) STATISTICS FOR THE 5TH BAUD *

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 244.09976

BAUD VARIANCE = 30041.91
BAUD SNROUT = 1.9834 2.9741 DB

X~X TOTAL OVER ALL 5 BAUDS WITH EPSILON = 2.25 ,()

TOTAL NUMBER OF BAUDS = 5
MEAN SHROUT = 3.0450 DB

STANDARD DEVIATION OF SNROUT = 0.7163 DB
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SNROUT VS. DOPPLER TEST -- EPSILON = 2.50

INPUT SNRNB 31.623 15.000 DB

BAUD TYPE 3: KX = 1024 SAMPLE POINTS; K = 64 TONES

OVERALL (REAL + IMAG) STATISTICS FOR THE 1ST BAUD X

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 240.04703

BAUD VARIANCE = 34182.69
BAUD SNROUT = 1.6857 = 2.2679 DB

x OVERALL (REAL + IMAG) STATISTICS FOR THE 2ND BAUD XX

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 234.67413

BAUD VARIANCE = 38249.63
BAUD SNROUT = 1.4398 = 1.5830 DB

X OVERALL (REAL + IMAG) STATISTICS FOR THE 3RD BAUD X

TOTAL NUMBER OF POINTS, 2K 128
BAUD MEAN - 254.86404

BAUD VARIANCE 26564.81
BAUD SNROUT 2.4452 = 3.8831 DB

x OVERALL (REAL + IMAG) STATISTICS FOR THE 4TH BAUD XX

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 228.89236

BAUD VARIANCE = 38044.78
BAUD SNROUT = 1.3771 = 1.3897 DB

OVERALL (REAL + IMAG) STATISTICS FOR THE 5TH BAUD Xx

TOTAL NUMBER OF POIN1TS, 2K = 128
BAUD MEAN = 255.39224

BAUD VARIANCE = 34706.46
BAUD SNROUT = 1.8793 2.7400 DB

x* TOTAL OVER ALL 5 BAUDS WITH EPSILON = 2.50 .**(

TOTAL NUMBER OF BAUDS = 5
MEAN SHROUT = 2.3727 DB

STANDARD DEVIATION OF SNROUT = 1.0021 DB
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SNROUT VS. DOPPLER TEST -- EPSILON 2.75

INPUT SNRNB 31.623 15.000 DB

BAUD TYPE 3: KX = 1024 SAMPLE POINTS; K = 64 TONES

Xx OVERALL (REAL + IMAG) STATISTICS FOR THE 1ST BAUD

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 250.07709

BAUD VARIANCE = 39538.09
BAUD SNROUT = 1.5817 = 1.9913 DB

Xx OVERALL (REAL + IMAG) STATISTICS FOR THE 2ND BAUD XX

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 225.95108

BAUD VARIANCE = 44515.95
BAUD SHROUT = 1.1469 0.5951 DB

OVERALL (REAL + IMAG) STATISTICS FOR THE 3RD BAUD X

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 265.65649

BAUD VARIANCE = 31226.82
BAUD SNROUT = 2.2600 = 3.5411 DB

3X OVERALL (REAL + IMAG) STATISTICS FOR THE 4TH BAUD Xx

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 236.69147

BAUD VARIANCE = 44222.02
BAUD SIIROUT = 1.2669 = 1.0273 DB

X OVERALL (REAL + IMAG) STATISTICS FOR THE 5TH BAUD *

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 262.79248

BAUD VARIANCE = 39631.13
BAUD SNROUT = 1.7426 2.4119 DB

X* TOTAL OVER ALL 5 BAUDS WITH EPSILON = 2.75 X

TOTAL NUMBER OF BAUDS = 5
MEAN SNRDUT = 1.9133 DB

STANDARD DEVIATION OF S.JROUT = 1.1648 DB
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B. INPUT SNR = 5 dB

SNROUT VS. DOPPLER TEST -- EPSILON = 0.00

INPUT SNRNB 3 3.162 5.000 DB

BAUD TYPE 3: KX = 1024 SAMPLE POINTS; K = 64 TONES

XX OVERALL (REAL + IMAG) STATISTICS FOR THE IST BAUD XX

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 348.85937

BAUD VARIANCE = 36188.43
BAUD SNROUT = 3.3630 = 5.2673 DB

XX OVERALL (REAL + IMAG) STATISTICS FOR THE 2ND BAUD XX

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 352.66479

BAUD VARIANCE = 43009.19
BAUD SNROUT = 2.8918 = 4.6116 DB

XX OVERALL (REAL + IMAG) STATISTICS FOR THE 3RD BAUD XX

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 335.33081

BAUD VARIANCE = 36318.57
BAUD SNROUT = 3.0961 4 4.9082 DB

XX OVERALL (REAL + IMAG) STATISTICS FOR THE 4TH BAUD XX

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 354.62695

BAUD VARIANCE = 38677.65
BAUD SNROUT = 3.2515 = 5.1208 DB

xX OVERALL (REAL + IMAG) STATISTICS FOR THE 5TH BAUD NX

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 305.20776

BAUD VARIANCE = 52039.11
BAUD SNROUT = 1.7900 2.5286 DB

XX* TOTAL OVER ALL 5 BAUDS WITH EPSILON = 0.00 XX

TOTAL NUMBER OF BAUDS = 5
MEAN SNROUT = 4.4873 DB

STANDARD DEVIATION OF SUROUT = 1.1224 DB
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SNROUT VS. DOPPLER TEST -- EPSILON = 0.25

INPUT SNRNB 3.162 5.000 DB

BAUD TYPE 3: KX = 1024 SAMPLE POINTS; K = 64 TONES

XX OVERALL (REAL + IMAG) STATISTICS FOR THE 1ST BAUD

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 347.25366

BAUD VARIANCE 3 37339.82
BAUD SNROUT = 3.2294 = 5.0912 DB

XX OVERALL (REAL + IMAG) STATISTICS FOR THE 2ND BAUD

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 351.10767

BAUD VARIANCE = 43143.09
BAUD SNROUT = 2.8574 = 4.5597 DB

OVERALL (REAL + IMAG) STATISTICS FOR THE 3RD BAUD X*

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 333.41895

BAUD VARIANCE = 35979.64
BAUD SNROUT = 3.0898 = 4.8992 DB

OVERALL (REAL + IMAG) STATISTICS FOR THE 4TH BAUD X

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 352.74438

BAUD VARIANCE = 39246.14
BAUD SNROUT = 3.1705 = 5.0112 DB

,, OVERALL (REAL + IMAG) STATISTICS FOR THE 5TH BAUD ,

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN z 303.09644

BAUD VARIANCE = 53554.99
BAUD SNROUT = 1.7154 2.3436 DB

, TOTAL OVER ALL 5 BAUDS WITH EPSILON = 0.25 X

TOTAL NUMBER OF BAUDS = 5
MEAN SHROUT = 4.3810 DB

STANDARD DEVIATION OF SNROUT = 1.1568 DB
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SNROUT VS. DOPPLER TEST -- EPSILON = 0.50

INPUT SNRNB 3.162 5.000 DB

BAUD TYPE 3: KX = 1024 SAMPLE POINTS; K = 64 TONES

Xx OVERALL (REAL + IMAG) STATISTICS FOR THE IST BAUD

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 342.34521

BAUD VARIANCE = 39210.31
BAUD SNROUT = 2.9890 = 4.7553 DB

XX OVERALL (REAL + IMAG) STATISTICS FOR THE 2ND BAUD Xx

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 346.34448

BAUD VARIANCE = 44183.36
BAUD SNROUT = 2.7149 = 4.3376 DB

Xx OVERALL (REAL + IMAG) STATISTICS FOR THE 3RD BAUD XX

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 327.63818

BAUD VARIANCE = 36156.82
BAUD SNROUT = 2.9689 = 4.7260 DB

XX OVERALL (REAL + IMAG) STATISTICS FOR THE 4TH BAUD X

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 3' .9-'9: '

BAUD VARIANCE = 40537.41
BAUD SNROUT = 2.9700 = 4.7275 DB

XX OVERALL (REAL + IMAG) STATISTICS FOR THE 5TH BAUD XX

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 296.65332

BAUD VARIANCE = 55526.02
BAUD SNROUT = 1.5849 = 2.0000 DB

XXX TOTAL OVER ALL 5 BAUDS WITH EPSILON = 0.50 XX

TOTAL NUMBER OF BAUDS = 5
rEAN SHROUT = 4.1093 DB

STANDARD DEVIATION OF SNROUT = 1.1917 DB
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SNROUT VS. DOPPLER TEST -- EPSILON = 0.75

INPUT SNRNB 3.162 5.000 DB

BAUD TYPE 3: KX = 1024 SAMPLE POINTS; K = 64 TONES

( OVERALL (REAL + IMAG) STATISTICS FOR THE IST BAUD

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 334.21777

BAUD VARIANCE = 41755.36
BAUD SNROUT = 2.6751 = 4.2735 DB

* OVERALL (REAL + IMAG) STATISTICS FOR THE 2ND BAUD X-

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 338.46997

BAUD VARIANCE = 46133.04
BAUD SNROUT = 2.4833 = 3.9503 DB

-x OVERALL (REAL + IMAG) STATISTICS FOR THE 3RD BAUD W

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 318.09814

BAUD VARIANCE = 36878.21
BAUD SHROUT = 2.7438 = 4.3835 DB

* OVERALL (REAL + IMAG) STATISTICS FOR THE 4TH BAUD

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 337.46533

BAUD VARIANCE = 42530.41
BAUD SNROUT = 2.6777 4.2776 DB

OVERALL (REAL + IMAG) STATISTICS FOR THE 5TH BAUD X

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 286.04077

BAUD VARIANCE = 57909.20
BAUD SHROUT = 1.4129 - 1.5011 DB

*,' TOTAL OVER ALL 5 BAUDS WITH EPSILON = 0.75 .

TOTAL NUMBER OF BAUDS = 5
MEAN SNROUT = 3.6772 DB

STANDARD DEVIATION OF SNROUT = 1.2273 DB
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SNROUT VS. DOPPLER TEST -- EPSILON = 1.00

INPUT SNRNB 3.162 5.000 DB

BAUD TYPE 3: KX = 1024 SAMPLE POINTS; K = 64 TONES

*X OVERALL (REAL + IMAG) STATISTICS FOR THE 1ST BAUD

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 323.12573

BAUD VARIANCE = 44902.68
BAUD SNROUT = 2.3253 = 3.6647 DB

*X OVERALL (REAL + IMAG) STATISTICS FOR THE 2ND BAUD XX

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 327.73608

BAUD VARIANCE = 48904.04
BAUD SNROUT = 2.1964 = 3.4170 DB

X OVERALL (REAL + IAG) STATISTICS FOR THE 3RD BAUD

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 305.10498

BAUD VARIANCE = 38135.35
BAUD SHROUT = 2.4410 = 3.8757 DB

x* OVERALL (REAL + IMAG) STATISTICS FOR THE 4TH BAUD x

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 324.53516

BAUD VARIANCE = 45177.82
BAUD SNROUT = 2.3313 = 3.6760 DB

OVERALL (REAL + IMAG) STATISTICS FOR THE 5TH BAUD

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 271.62476

BAUD VARIANCE = 60591.47
BAUD SNROUT = 1.2177 = 0.8553 DB

x TOTAL OVER ALL 5 BAUDS WITH EPSILON = 1.00 *

TOTAL NUMBER OF BAUDS = 5
MEAN SNROUT = 3.0977 DB

STANDARD DEVIATION OF SNROUT = 1.2641 DB
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SNROUT VS. DOPPLER TEST -- EPSILON = 1.25

INPUT SNRNB 3.162 5.000 DB

BAUD TYPE 3: KX = 1024 SAMPLE POINTS; K = 6q TONES

X OVERALL (REAL + IMAG) STATISTICS FOR THE 1ST BAUD

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 309.05103

BAUD VARIANCE 4 48664.34
BAUD SNROUT = 1.9627 = 2.9285 DB

Xx OVERALL (REAL + IMAG) STATISTICS FOR THE 2ND BAUD

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 314.15283

BAUD VARIANCE = 52524.69
BAUD SNROUT = 1.8790 = 2.7392 DB

X OVERALL (REAL + IMAG) STATISTICS FOR THE 3RD BAUD

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 288.63892

BAUD VARIANCE = 39937.87
BAUD SNROUT = 2.0861 = 3.1932 DB

OVERALL (REAL + IMAG) STATISTICS FOR THE 4TH BAUD xx

TOTAL NUMBER OF POINTS, 2K = 128
BAUD HEAN = 308.20581

BAUD VARIANCE = 48482.35
BAUD SNROUT = 1.9593 = 2.9210 DB

X OVERALL (REAL + IMAG) STATISTICS FOR THE 5TH BAUD X,

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 253.42087

BAUD VARIANCE = 63620.02
BAUD SNROUT = 1.0095 0.0409 DB

, TOTAL OVER ALL 5 BAUDS WITH EPSILON = 1.25 x

TOTAL NUMBER OF BAUDS = 5
MEAN SNROUT = 2.3646 DB

STANDARD DEVIATION OF SNROUT = 1.3090 DB
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SNROUT VS. DOPPLER TEST -- EPSILON = 1.50

INPUT SNRNB 3.162 5.000 DB

BAUD TYPE 3: KX = 1024 SAMPLE POINTS; K = 64 TONES

XX OVERALL (REAL + IMAG) STATISTICS FOR THE 1ST BAUD XX

TOTAL NUM1BER OF POINTS, 2K = 128
BAUD MEAN = 292.29761

BAUD VARIANCE = 52952.92
BAUD SNROUT = 1.6135 = 2.0776 DB

XX OVERALL (REAL + IMAG) STATISTICS FOR THE 2ND BAUD Xx

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 298.04663

BAUD VARIANCE = 56898.22
BAUD SNROUT = 1.5612 = 1.9347 DB

XX OVERALL (REAL + IMAG) STATISTICS FOR THE 3RD BAUD XX

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 269.08667

BAUD VARIANCE = 42304.40
BAUD SNROUT = 1.7116 = 2.3340 DB

XX OVERALL (REAL + IMAG) STATISTICS FOR THE 4TH BAUD Xx

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 288.91211

BAUD VARIANCE = 52(,05.19
BAUD SNROUT 1 1 5928 = 2.0216 DB

XX OVERALL (REAL + IMAG) STATISTICS FOR THE 5TH BAUD Xx

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 237.78751

BAUD VARIANCE = 66898.56
BAUD SNROUT = 0.8452 -0.7304 DB

XXX TOTAL OVER ALL 5 BAUDS WITH EPSILON = 1.50 XX)X

TOTAL NUMBER OF BAUDS = 5
MEAN SNROUT = 1.5275 DB

STANDARD DEVIATION OF SNROUT = 1.2709 DB
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SNROUT VS. DOPPLER TEST -- EPSILON = 1.75

INPUT SNRNB 3.162 = 5.000 DB

BAUD TYPE 3: KX = 1024 SAMPLE POINTS; K = 64 TONES

X OVERALL (REAL + IMAG) STATISTICS FOR THE 1ST BAUD W

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 278.15869

BAUD VARIANCE = 57652.27
BAUD SNROUT = 1.3420 = 1.2777 DB

Xx OVERALL (REAL + IMAG) STATISTICS FOR THE 2ND BAUD *

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 288.96216

BAUD VARIANCE = 61909.75
BAUD SNROUT = 1.3487 = 1.2992 DB

x OVERALL (REAL + IMAG) STATISTICS FOR THE 3RD BAUD Xx

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 247.Oq657

BAUD VARIANCE = 45172.92
BAUD SNROUT = 1.3511 = 1.3068 DB

x OVERALL (REAL + IMAG) STATISTICS FOR THE 4TH BAUD x

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 267.27612

BAUD VARIANCE = 56809.34
BAUD SNROUT = 1.2575 = 0.9950 DB

Xx OVERALL (REAL + IMAG) STATISTICS FOR THE 5TH BAUD W

TOTAL NUMBER OF POINTS, 2K = 128
BAUD MEAN = 241.30634

BAUD VARIANCE = 70345.50
BAUD SHROUT = 0.8278 -0.8210 DB

)X TOTAL OVER ALL 5 BAUDS NITH EPSILON = 1.75 1xx

TOTAL NUMBER OF BAUDS = 5
MEAN SNROUT = 0.8115 DBSTANDARD DEVIATION OF SNROUT = 0,9218 DB
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APPENDIX E. STATISTICS OF THE DOPPLER ESTIMATION
ALGORITHM

A. INPUT SNR = 10 dB

ALPHA-HAT VS. ALPHA -- INPUT SNR = 10 DB
BAUD TYPE 3: KX = 1024 SAMPLE POINTS; K = 64 TONES

EPSILON = 0.0 DELTA-ALPHA = 0.000376506

LL ALPHA ALPHA-HAT EPSILON-HAT

1 0.000 0.00008162 0.21678060
2 0.000 -0.00005518 -0.14657104
3 0.000 0.00000018 0.00046881
4 0.000 -0.00029124 -0.77353448
5 0.000 -0.00000678 -0.01801626

NUMBER OF BAUDS = 5
MEAN OF EPSILON-HAT = -0.144174457

VARIANCE OF EPSILON-HAT = 0.140806437

EPSILON = 0.25 DELTA-ALPHA = 0.000376506

LL ALPHA ALPHA-HAT EPSILON-HAT

1 0.000094128 0.00017936 0.47636849
2 0.000094128 0.00003786 0.10056025
3 0.000094128 0.00011023 0.29278034
4 0.000094128 -0.00020184 -0.53608972
5 0.000094128 0.00009492 0.25209653

NUMBER OF BAUDS = 5
MEAN OF EPSILON-HAT = 0.117143154

VARIANCE OF EPSILON-HAT = 0.151272893

EPSILON = 0.50 DELTA-ALPHA = 0.000376506

LL ALPHA ALPHA-HAT EPSILON-HAT

1 0.000188255 -0.00011252 -0.29886585
2 0.000188255 0.00013242 0.35169941
3 0.000188255 0.00021961 0.58327287
4 0.000188255 0.00011711 0.31104386
5 0.000188255 0.00019830 0.52669251

NUMBER OF BAUDS = 5
MEAN OF EPSILON-HAT = 0.294768512

VARIANCE OF EPSILON-HAT = 0.123232782
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ALPHA-HAT VS. ALPHA -- INPUT SUR 1 10 DB
BAUD TYPE 3: KX = 1024 SAMPLE POINTS; K = 64 TONES

X EPSILON 0.75 DELTA-ALPHA = 0.000376506

LL ALPHA ALPHA-HAT EPSILON-HAT

1 0.000282383 -0.00024254 -0.64418107
2 0.000282383 0.00003668 0.09741002
3 0.000282383 0.00013307 0.35344487
4 0.000282383 0.00021555 0.57250100
5 0.000282383 0.00030271 0.80399001

NUMBER OF BAUDS = 5
MEAN OF EPSILON-HAT = 0.236632884

VARIANCE OF EPSILON-HAT = 0.310890436

EPSILON = 1.00 DELTA-ALPHA = 0.000376506

LL ALPHA ALPHA-HAT EPSILON-HAT

1 0.000376506 -0.00034564 -0.91803193
2 0.000376506 0.00013396 0.35578859
3 0.000376506 0.00023758 0.63100237
4 0.000376506 0.00031679 0.84140372
5 0.000376506 0.00019155 0.50875187

NUMBER OF BAUDS = 5
MEAN OF EPSILON-HAT = 0.283782721

VARIANCE OF EPSILON-HAT = 0.482913494

* EPSILON = 1.25 DELTA-ALPHA = 0.000376506

LL ALPHA ALPHA-HAT EPSILON-HAT

1 0.000470638 -0.00088145 -2.3113503
2 0.000470638 0.00023501 0.62418330
3 0.000470638 0.00034109 0.90593851
4 0.000470638 0.00023151 0.61489588
5 0.000470638 -0.00013302 -0.35329860

NUMBER OF BAUDS = 5
MEAN OF EPSILON-HAT = -0.109883070

VARIANCE OF EPSILON-HAT = 1.78344536
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ALPHA-HAT VS. ALPHA -- INPUT SNR = 10 DB
BAUD TYPE 3: KX = 1024 SAMPLE POINTS; K = 64 TONES

EPSILON = 1.50 DELTA-ALPHA 0.000376506

LL ALPHA ALPHA-HAT EPSILON-HAT

1 0.000564765 -0.00100695 -2.67446518
2 0.000564765 -0.00051077 -1.35661030
3 0.000564765 -0.00061805 -1.64155102
4 0.000564765 -0.00006197 -0.16459131
5 0.000564765 -0.00002642 -0.07016611

NUMBER OF BAUDS = 5
MEAN OF EPSILON-HAT = -1.18147659

VARIANCE OF EPSILON-HAT = 1.18510342

134



B. INPUT SNR = 15 dB

ALPHA-HAT VS. ALPHA -- INPUT SNR = 15 DB
BAUD TYPE 3; KX 1024 SAMPLE POINTh; K 64 TONES

) EPSILON = 0.0 DELTA-ALPHA = 0.000376506

LL ALPHA ALPHA-HAT EPSILON-HAT

1 0.000 0.00004005 0.10637712
2 0.000 -0.00002999 -0.07964146
3 0.000 -0.00000758 -0.02012977
4 0.000 -0.00003488 -0.09264153
5 0.000 0.00000226 0.00600086

NUMBER OF BAUDS = 5
MEAN OF EPSILON-HAT = -0.160069466E-01

VARIANCE OF EPSILON-HAT = 0.635034963E-02

x EPSILON = 0.25 DELTA-ALPHA = 0.000376506

LL ALPHA ALPHA-HAT EPSILON-HAT

1 0.000094128 0.00013718 0.36434567
2 0.000094128 0.00006437 0.17096901
3 0.000094128 0.00009453 0.25108421
4 0.000094128 0.00005696 0.15127569
5 0.000094128 0.00010090 0.26797980

NUMBER OF BAUDS = 5
MEAN OF EPSILON-HAT = 0.241130829

VARIANCE OF EPSILON-HAT = 0.724961236E-02

XX EPSILON = 0.50 DELTA-ALPHA = 0.000376506

LL ALPHA ALPHA-HAT EPSILON-HAT

1 0.000188255 0.00023408 0.62171990
2 0.000188255 0.00016005 0.42509770
3 0.000188255 0.00019705 0.52335626
4 0.000188255 0.00015115 0.40144742
5 0.000188255 0.00020043 0.53233200

NUMBER OF BAUDS = 5
MEAN OF EPSILON-HAT = 0.500790179

VARIANCE OF EPSILON-HAT = 0.793160871E-02
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ALPHA-HAT VS. ALPHA -- INPUT SNR = 15 DB
BAUD TYPE 3: KX 1024 SAMPLE POINTS; K = 64 FONES

w EPSILON = 0.75 DELTA-ALPHA = 0.000376506

LL ALPHA ALPHA-HAT EPSILON-HAT

1 0.000282383 0.00033001 0.87650335
2 0.000282383 0.00025643 0.68107283
3 0.000282383 0.00029901 0.79417539
4 0.000282383 0.00024693 0.65585577
5 0.000282383 0.00029999 0.79678440

NUMBER OF BAUDS = 5
MEAN OF EPSILON-HAT = 0.760878146

VARIANCE OF EPSILON-HAT = 0.829143077E-02

EPSILON = 0.80 DELTA-ALPHA = 0.000376506

LL ALPHA ALPHA-HAT EPSILON-HAT

1 0.000301205 0.00034829 0.92506492
2 0.000301205 0.00027502 0.73044205
3 0.000301205 0.00031849 0.84590751
4 0.000301205 0.00026549 0.70512855
5 0.000301205 0.00031912 0.84758091

NUMBER OF BAUDS = 5
MEAN OF EPSILON-HAT = 0.810824394

VARIAHCE OF EPSILON-HAT = 0.831642002E-02

3 EPSILON = 0.85 DELTA-ALPHA = 0.000376506

LL ALPHA ALPHA-HAT EPSILON-HAT

1 0.000320030 0.00036756 0.97623181
2 0.000320030 0.00029466 0.78261632
3 0.000320030 0.00033904 0.90049165
4 0.000320030 0.00028515 0.75734794
5 0.000320030 0.00033927 0.90109152

NUMBER OF BAUDS = 5
MEAN OF EPSILON-HAT = 0.863555133

VARIANCE OF EPSILON-HAT = 0.832509249E-02
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ALPHA-HAT VS. ALPHA -- INPUT SNR = 15 DB
BAUD TYPE 3: KX r 1024 3AMPLE POINTS; K = 64 TONES

w EPSILON = 0.90 DELTA-ALPHA = 0.000376506

LL ALPHA ALPHA-HAT EPSILON-HAT

1 0.000338855 0.00038678 1.02729702
2 0.000338855 0.00031433 0.83485985
3 0.000338855 0.00035951 0.95485568
4 0.000338855 0.00030481 0.80957907
5 0.000338855 0.00035939 0.95453286

NUMBER OF BAUDS = 5
MEAN OF EPSILON-HAT = 0.91,*224658

VARIANCE OF EPSILON-HAT = 0.832261145E-02

EPSILON = 0.95 DELTA-ALPHA = 0.000376506

LL ALPHA ALPHA-HAT EPSILON-HAT

1 0.000357681 0.00020686 0.54943258
2 0.000357681 0.00033398 0.88705266
3 0.000357681 0.00037992 1.00906944
4 0.000357681 0.00032449 0.86183619
5 0.000357681 0.00037949 1.00792885

NUMBER OF BAUDS = 5
MEAN OF EPSILON-HAT = 0.863063574

VARIANCE OF EPSILON-HAT = 0.353112072E-01

EPSILON = 1.00 DELTA-ALPHA = 0.000376506

LL ALPHA ALPHA-HAT EPSILON-HAT

1 0.000376506 0.00003566 0.09470624
2 0.000376506 0.00016103 0.42768973
3 0.000376506 0.00020522 0.54507101
4 0.000376506 0.00034329 0.91177434
5 0.000376506 0.00039861 1.05871677

NUMBER OF BAUDS = 5
MEAN OF EPSILON-HAT = 0.607591391

VARIANCE OF EPSILON-HAT = 0.148841441
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ALPHA-HAT VS. ALPHA -- INPUT SNR = 15 DB
BAUD TYPE 3: KA = 1iOZ4 :AMPLt PJINTS; K = 64 TONES

XX EPSILON 1.25 DELTA-ALPHA = 0.000376506

LL ALPHA ALPHA-HAT EPSILON-HAT

1 0.000470638 -0.00049591 -1.31713200
2 0.000470638 0.00025919 0.68840146
3 0.000470638 0.00030580 0.81219983
4 0.000470638 0.00005479 0.14553374
5 0.000470638 0.00028259 0.75056285

NUMBER OF BAUDS =  5
MEAN OF EPSILON-HAT = 0.215912998

VARIANCE OF EPSILON-HAT = 0.804957628

XX EPSILON = 1.50 DELTA-ALPHA = 0.000376506

LL ALPHA ALPHA-HAT EPSILON-HAT

1 0.000564765 -0.00082413 -2.18889141
2 0.000564765 -0.00046605 -1.23783207
3 0.000564765 -0.00020983 -0.55731559
4 0.000564765 -0.00024733 -0.65690029
5 0.000564765 -0.00004868 -0.12930280

NUMBER OF BAUDS = 5
MEAN OF EPSILON-HAT = -0.954047918

VARIANCE OF EPSILON-HAT = 0.632816792
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C. INPUT SNR = 20 dB

ALPHA-HAT VS. ALPHA -- INPUT SNR = 20 DB
BAUD IYPE 3: KX = 1024 SAMPLE POINTS; K = 64 TONES

wx EPSILON = 0.0 DELTA-ALPHA = 0.000376506

LL ALPHA ALPHA-HAT EPSILON-HAT

1 0.000 0.00002055 0.05457596
2 0.000 -0.00091621 -0.04305860
3 0.000 -0.00000631 -0.01675819
4 0.000 -0.00001915 -0.05085765
5 0.000 0.00000311 0.00826014

NUMBER OF BAUDS = 5
MEAN OF EPSILON-HAT = -0.956766680E-02

VARIANCE OF EPSILON-HAT = 0.182760879E-02

EPSILON = 0.25 DELTA-ALPHA = 0.000376506

LL ALPHA ALPHA-HAT EPSILON-HAT

1 0.000094128 0.00011643 0.30924392
2 0.000094128 0.00007815 0.20756477
3 0.000094128 0.00009204 0.24444658
4 0.000094128 0.00007348 0.19517177
5 0.000094128 0.00009959 0.26451528

NUMBER OF BAUDS = 5
MEAN OF EPSILON-HAT = 0.244188309

VARIANCE OF EPSILON-HAT = 0.209734496E-02

EPSILON = 0.50 DELTA-ALPHA = 0.000376506

LL ALPHA ALPHA-HAT EPSILON-HAT

1 0.000188255 0.00021262 0.56471968
2 0.000188255 0.00017358 0.46102297
3 0.000188255 0.00019098 0.50724143
4 0.000188255 0.00016762 0.44520897
5 0.000188255 0.00019673 0.52252698

NUIBER OF BAUDS = 5
MEAN OF EPSILON-HAT = 0.500143766

VARIANCE OF EPSILON-HAT = 0.231742300E-02
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ALPHA-HAT VS. ALPXA -- INPUT SNR = 20 DB
BAUD TYPE 3: KX = 1024 SAMPLE POINTS; K = 64 TONES

XX EPSILON = 0.75 DELTA-ALPHA = 0.000376506

LL ALPHA ALPHA-HAT EPSILON-HAT

1 0.000282383 0.00030833 0.81892306
2 0.000282383 0.00026935 0.71539086
3 0.000282383 0.00028965 0.76931149
4 0.000282383 0.00026252 0.69726127
5 0.000282383 0.00029374 0.78016865

NUMBER OF BAUDS = 5
MEAN OF EPSILON-HAT = 0.756210685

VARIANCE OF EPSILON-HAT = 0.245493464E-02

i EPSILON = 1.00 DELTA-ALPHA = 0.000376506

LL ALPHA ALPHA-HAT EPSILON-HAT

1 0.000376506 0.00040266 1.06947517
2 0.000376506 0.00036461 0.96840972
3 0.000376506 0.0008703 1.02794170
4 0.000376506 0.00035726 0.94887573
5 0.000376506 0.00038970 1.03504181

NUMBER OF BAUDS = 5
MEAN OF EPSILON-HAT = 1.00994873

VARIANCE OF EPSILON-HAT = 0.248805061E-02

X EPSILON = 1.05 DELTA-ALPHA = 0.000376506

LL ALPHA ALPHA-HAT EPSILON-HAT

1 0.000395336 0.00042184 1.12041664
2 0.000395336 0.00038408 1.02010632
3 0.000395336 0.00040684 1.08056164
4 0.000395336 0.00037666 1.00041580
5 0.000395336 0.00040925 1.08697891

NUMBER OF BAUDS = 5
MEAN OF EPSILON-HAT = 1.06169510

VARIANCE OF EPSILON-HAT = 0.248205289E-02
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ALPHA-HAT VS. ALPHA -- INPUT SHR = 20 DB
BAUD TYPE 3: KX 1024 SAMPLE POINTS; K = 64 TONES

w EPSILON = 1.10 DELTA-ALPHA = 0.000376506

LL ALPHA ALPHA-HAT EPSILON-HAT

1 0.000414161 0.00044105 1.17141533
2 0.000414161 0.00021188 0.56274819
3 0.000414161 0.00042667 1.13323879
4 0.000414161 0.00039613 1.05211163
5 0.000414161 0.00042883 1.13897419

NUMBER OF BAUDS = 5
MEAN OF EPSILON-HAT = 1.01169682

VARIANCE OF EPSILON-HAT = 0.649175048E-01

EPSILON = 1.15 DELTA-ALPHA = 0.000376506

LL ALPHA ALPHA-HAT EPSILON-HAT

1 0.000432987 0.00026110 0.69347852
2 0.000432987 0.00023134 0.61445159
3 0.000432987 0.00025232 0.67015254
4 0.000432987 0.00021900 0.58167678
5 0.000432987 0.00044832 1.19074154

NUMBER OF BAUDS = 5
MEAN OF EPSILON-HAT = 0.750099897

VARIANCE OF EPSILON-HAT = 0.626323223E-01

EPSILON = 1.20 DELTA-ALPHA = 0.000376506

LL ALPHA ALPHA-HAT EPSILON-HAT

1 0.000451812 0.00008400 0.22311223
2 0.000451812 0.00024993 0.66380346
3 0.000451812 0.00027113 0.72011048
4 0.000451812 0.00004699 0.12480402
5 0.000451812 0.00046693 1.24015808

NUMBER OF BAUDS = 5
MEAN OF EPSILON-HAT = 0.594397545

VARIANCE OF EPSILON-HAT = 0.198999524
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ALPHA-HAT VS. ALPHA -- INPUT SNR = 20 DB
BAUD TYPE 3: KX = 1024 SAMPLE POINTS; K = 64 TONES

xx EPSILON = 1.25 DELTA-ALPHA = 0.000376506

LL ALPHA ALPHA-HAT EPSILON-HAT

1 0.000470638 0.00010312 0.27389467
2 0.000470638 0.00026947 0.71572357
3 0.000470638 0.00010148 0.26952112
4 0.000470638 0.00006651 0.17663908
5 0.000470638 0.00048646 1.29204941

NUMBER OF BAUDS = 5
MEAN OF EPSILON-HAT = 0.545565367

VARIANCE OF EPSILON-HAT = 0.218075991

x EPSILON = 1.50 DELTA-ALPHA = 0.000376506

LL ALPHA ALPHA-HAT EPSILON-HAT

1 0.000564765 -0.00062383 -1.65688896
2 0.000564765 -0.00024093 -0.63990915
3 0.000564765 -0.00022707 -0.60310274
4 0.000564765 -0.00023840 -0.63318038
5 0.000564765 -0.00006303 -0.16741729

NU1BER OF BAUDS : 5
MEAN OF EPSILON-HAT = -0.740099311

VARIANCE OF EPSILON-HAT = 0.302176237
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D. INPUT SNR = 40 dB

ALPHA-HAT VS. ALPHA -- INPUT SNR 4 40 DB
BAUD TYPE 3: KX 1024 SAMPLE POINTS; K = 64 TONES

EPSILON = 0.0 DELTA-ALPHA = 0.000376506

LL ALPHA ALPHA-HAT EPSILON-HAT

1 0.000 0.00000226 0.00601395
2 0.000 -0.00000109 -0.00289558
3 0.000 -0.00000038 -0.00100686
4 0.000 -0.00000142 -0.00376268
5 0.000 0.00000092 0.00243571

NUMBER OF BAUDS = 5
MEAN OF EPSILON-HAT = 0.156908704E-03

VARIANCE OF EPSILON-HAT = 0.163832447E-04

EPSILON = 0.25 DELTA-ALPHA = 0.000376506

LL ALPHA ALPHA-HAT EPSILON-HAT

1 0.000094128 0.00009623 0.25558215
2 0.000094128 0.00009274 0.24631453
3 0.000094128 0.00009378 0.24908329
4 0.000094128 0.00009219 0.24485534
5 0,000094128 0.00009487 0.25196874

NUMBER OF BAUDS = 5
MEAN OF EPSILON-H T = 0.249561667

VARIANCE OF EPSILON-HAT = 0.187394326E-04

X EPSILON = 0.50 DELTA-ALPHA = 0.000376506

LL ALPHA ALPHA-HAT EPSILON-HAT

1 0.000188255 0.00019089 0.50700271
2 0.000188255 0,00018733 0.49755794
3 0.000188255 0.00018857 0.50083911
4 0.000188255 0.00018658 0.49555242
5 0.000188255 0.00018942 0.50309473

NUMBER OF BAUDS = 5
MEAN OF EPSILON-HAT = 0.500809073

VARIANCE OF EPSILON-HAT = 0.204471289E-04
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ALPHA-HAT VS. ALPHA -- INPUT SUR = 40 DB
BAUD TYPE 3: KX = 1024 SAMPLE POINTS; K = 64 TONES

xx EPSILON = 0.75 DELTA-ALPHA = 0.000376506

LL ALPHA ALPHA-HAT EPSILON-HAT

1 0.000282383 0.00028547 0.75821120
2 0.000282383 0.00028194 0.74884433
3 0.000282383 0.00028319 0.75216144
4 0.000282383 0.00028101 0.74635839
5 0.000282383 0.00028383 0.75386328

NUMBER OF BAUDS = 5
MEAN OF EPSILON-HAT = 0.751887321

VARIANCE OF EPSILON-HAT = 0.209499267E-04

w( EPSILON = 1.00 DELTA-ALPHA = 0.000376506

LL ALPHA ALPHA-HAT EPSILON-HAT

1 0.000376506 0.00037910 1.00688934
2 0.000376506 0.00037569 0.99783307
3 0.000376506 0.00037675 1.00063419
4 0.000376506 0.00037461 0.99496496
5 0.000376506 0.00037728 1.00205612

NUMBER OF BAUDS = 5
MEAN OF EPSILON-HAT = 1.00047493

VARIANCE OF EPSILON-HAT = 0.202523515E-04

EPSILON = 1.05 DELTA-ALPHA = 0.000376506

LL ALPHA ALPHA-HAT EPSILON-HAT

1 0.000395336 0.00039818 1.05757332
2 0.000395336 0.00039480 1.04860115
3 0.000395336 0.00039580 1.05124378
4 0.000395336 0.00039370 1.04568005
5 0.000395336 0.00039634 1.05267429

NUMBER OF BAUDS = 5
MEAN OF EPSILON-HAT = 1.05115414

VARIANCE OF EPSILON-HAT = 0.200020440E-04
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ALPHA-HAT VS. ALPHA -- INPUT SNR = 40 DB
BAUD TYPE 3: KX = 1024 SAMPLE POINTS; K = 64 TONES

W EPSILON = 1.10 DELTA-ALPHA = 0.000376506

LL ALPHA ALPHA-HAT EPSILON-HAT

1 0.000414161 0.00041730 1.10836124
2 0.000414161 0.00041396 1.09947109
3 0.000414161 0.00041488 1.10192490
4 0.000414161 0.00041284 1.09649086
5 0.000414161 0.00041541 1.10333538

NUMBER OF BAUDS = 5
MEAN OF EPSILON-HAT = 1.10191631

VARIANCE OF EPSILON-HAT = 0.197413901E-04

* EPSILON = 1.15 DELTA-ALPHA = 0.000376506

LL ALPHA ALPHA-HAT EPSILON-HAT

1 0.000432987 0.00043634 1.15891647
2 0.000432987 0.00043304 1.15016556
3 0.000432987 0.00043389 1.15240288
4 0.000432987 0.00023536 0.62512481
5 0.000432987 0.00043442 1.15381145

NUMBER OF BAUDS = 5
MEAN OF EPSILON-HAT = 1.04808331

VARIANCE OF EPSILON-HAT = 0.559149086E-01

EPSILON = 1.20 DELTA-ALPHA = 0.000376506

LL ALPHA ALPHA-HAT EPSILON-HAT

1 0.000451812 0.00045451 1.20717335
2 0.000451812 0.00045124 1.19849777
3 0.000451812 0.00026262 0.69750923
4 0.000451812 0.00006299 0.16730273
5 0.000451812 0.00045256 1.20199013

NUMBER OF BAUDS = 5
MEAN OF EPSILON-HAT = 0.894494414

VARIANCE OF EPSILON-HAT = 0.213087618
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ALPHA-HAT VS. ALPHA -- INPUT SNR = 40 DB
BAUD TYPE 3: KX = 1024 SAMPLE POINTS; K = 64 TONES

wx EPSILON = 1.25 DELTA-ALPHA = 0.000376506

LL ALPHA ALPHA-HAT EPSILON-HAT

1 0.000470638 0.00047359 1.25785255
2 0.000470638 0.00008576 0.22777945
3 0.000470638 0.00028165 0.74806517
4 0.000470638 -0.00011694 -0.31059778
5 0.000470638 0.00047162 1.25261021

NUMBER OF BAUDS = 5
MEAN OF EPSILON-HAT = 0.635141730

VARIANCE OF EPSILON-HAT = 0.460538387

* EPSILON = 1.50 DELTA-ALPHA = 0.000376506

LL ALPHA ALPHA-HAT EPSILON-HAT

1 0.000564765 -0.00044042 -1.16975403
2 0.000564765 -0.00001852 -0.04919485
3 0.000564765 -0.00024438 -0.64908123
4 0.000564765 -0.00022513 -0.59793478
5 0.000564765 -0.00006345 -0.16852963

NUMBER OF BAUDS = 5
MEAN OF EPSILON-HAT = -0.526898742

VARIANCE OF EPSILON-HAT = 0.197466671
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APPENDIXK F. THE SIMULATION CODE: RXSIM

C THIS SIMULATION PRODUCES A PREDICTION OF THE RECEIVED SIGNAL THROUGH
C AIN ACOUSTIC CHANJEL . THE TRANSMIITTED SIGNAL IS ?4FQPSK SIGNIAL.
C

REAL IIU(100.1350), PHI(100,1350), Ul, DELUl
REAL FREQ, FF, ABSORP, AAUllDB. TL. AA(100,1350)
REAL YRX, YY, TIMEC41OOOD), YYRX(410000)
REAL RXKM(0!4096), RXKP(0r4096), RXKPD(0!4096), KFREQ(0:4096)
REAL DELT(100), DELF(100)
REAL VX(100), X(100)
REAL VY(1DO), Y(100)
REAL VZ(100), Z(100)
REAL C(100), R(100), THETAD(100)
REAL TAUL(IOC), ALPHA(100), ALPHA11(100), DELALF(100)
REAL UHATI(1OO), LBAUD(1O0), PTOT(IQ0), NOSVAR(10O)
REAL TAUK(1350), IJOSAVG, NJOISE

IN4TEGER BDTYPE(1OD), BDTOTL, NBAUDS(50), IDFT
IfITEGER KtNIN1(100), KMAX(100), KX(100), M100O), KPTS(100)
INTEGER IIPHI(100,1350), IPHI

COMiPLEX RXIN( 0: 4096), RXOUT( 0:4096)

DOUBLE PRECISION DSEED

CHARACTERM40 PLABEL

C
C USER INPUTS FOR THE SIMULATION
C

IIRITE(6, 1000)
READ(5,*) XO, YO, ZO

C
rIRITE(30,1000)
I-WRITE(30,1() XO =',XO,' YO =',YO,' ZO t ,ZO

C
H-RITE(6 ,100l)
READ(5,)() VX(AVG, VXVAR, VYAVO, VYVAR, VZAVG, VZVAR

C
lIRITEC 30. 1001)
11RITE(LO,l) 'VXAVG = ,VXAVG,' VXVAR = ,VXVAR
IRITE(30, ,) 'VYAVG = ,VYAVG,' VYVAR = ,VYVAR
IIRITE(30,N) 'VZAVG = ,VZAVG,' VZVAR = ,VZVAR
IIRITE(30,)

C
IiRITE(6, 1002)
READ(5,0') CO, :,AR

C
1I!RITE(30,1002)
IIRITE('O,)') ' CO = ,CO,l CVAR ',CVAR
HRITEC3joy) 1

C
NRITEC 6,1003)
READC5,'*) THETAO

C
I-RITE(30, 1003)
I4RITE30.Y) THETAO ',THETAO

C
HRIITE(6, 1004)
READ)(5,*) JAfIP

C
C

IIRITE(30, 1004)
IIRITE(30,Y) IA? P ',IAMP

* C
C INITIALIZE VARIABLES
C
C BDTOTL 7THE TOTAL NUMBER OF BAUDS IN THE SIGNAL
C RU =CLOSE"T roINT OF APPROACH!
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BDOTL =0
RO = lOxxl5.0
X(1) =XO
Y(1) =yo
Z(1) =ZO
IF(O.T )VXV ASVAG
IF (XO GTE. 0) VXAVG = -ABS(VXAVG)

IF (YO .GT. 0) VYAVG = -ABS(VYAVG)
IF (YO ALE. 0) VYAVG =ABS(VYAVG)
IF (ZO .GT. 0) VZAVG = -ABS(VZAVG)
IF (ZO ALE. 0) VZAVG =ABS(VZAVG)

C
H-RITE(6,10 10)
READ(5,NE) UIPAKS

C
IIRITEC30, 1010)
WRITE(3O,() I IPAKS ',11PAKS

10 WRITE(6,1100)
IIRITE(6, 1101)
(IIRITE(6, 1102)
I-RITE(6,1103) NPAKS
READ(5,*) M4ETHOD

C
t-RITEC 30,1100)
JJRITE(30,1101)
H-RITE( 30, 1102)
IIRITE(30,1103) NJPAKS
NRITEC33,0) METHOD ',METHOD
IRITE(30,*)

IF (METHOD ALE. 0) GO TO 10
IF (METHOD .GE. 3) GO TO 10
DO 100 1 =1, NPAKS

50 IIRITE(6,1020)
IFIRITE(6,1021) I
U-RITE(6, 1022)
IIRITE(6, 1023)
IRITE(6, 1024)
IIRITE(6, 1025)
WRITE(6, 1026)-
READ(5,x) BDTYPE(1)

C
l-IRITEC 30, 1020)
[IRITE(30,102i) I
IHRITE( 30,1022)
lIRITEC 30, 1023)
IIRITE( 30, 1024)
H-RITE(30, 1025)
HIRTE(30, 1026)
IIRITE(30,)' BDTYPE('I,,) ',BDTYFECI)

IF CEOTYPECI) AE. 0) GO TO 50
IF (BDTYPE(I). GT. 5) GO TO 50

60 I-IRITE(6,10?7) I
READ(5,E) IBAUDS(I)

C
HPIITE(30,1027) I

[IRITE(30,))

IF (11BAUDS(I) AE. 0) G0 TO 60
I00 CONTINJUE

HPITE(6,1030)
READ(5,)() IDFT

HRITEC30,1030)
IIR1TE(30,)() 'lOFT =',IDFT
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C
IF (lOFT .EQ. 1) THEN

WRITE(6, 1040)
READ(5,X) 11-11ONI

C
IWRITE( 30,1040)
H-RITE(3O,~) ' IlJNDOII = ,II'JN4DO1
14PITEC30,x)'

ENDIF
IHRITE(6, 1050)
READ(5,x) SNRDB

C
IIRITEC 30,1050)
H-RITE(30,'(Al0,FI0.4)') I StNRDB ',SNRDB
PIRITE(30,X)

C
StJRIM 10.0)(*(StJRDB/I0.0)

C
LL 0
DO 300 1I 1, 11PAKS

DO 200 J = 1, NBAUDS(I)
LL LL + 1
IF (BDTYPE(I) EQ. 1) THEN

DELT(LL) =1.0 / 240.0
DELF(LL) =240.0
KNIN(LL) =68
KM'AX(LL) = 83
KX(LL) =256

ENDI F
IF (BDTYPE(I) .EQ. 2) THEN

DELT(LL) =1.0 / 120.0
DELF(LL) =120.0
KMI M(L L) =135
Kr1AXr(LL) 166
KX(LL) =512

Elibi F
IF (BOTYPE(I) EQ. 3) THEN

DELT(LL) =1.0 / 60.0
DELF(LL) = 60.0
Kr1III(LL) =269
K!IAX(LL) =332
KX(LL) =1024

ENDI F
IF (BDTYPECI) EQ. 4) THENl

DELT(LL) 1.0 / 30.0
DELF(LL) =30.0
KI11 ( L L) =537
KtIAX(LL) =664
KX(LL) =2048

ENDI F
IF (BDTYPECI) EQ. 5) THEN4

DELT(LL) =1.0 /15.0
DELF(LL) = 15.0
KMINLL ) = 1071
KMAX(LL) = 1328
KX(LL) =4096

ENDI F
200 CON)TINUE
300 CONTINUE

C
C INITIALIZE VARIABLES
C

PI 4.0*ATANI(1.0)
BDTOTL =LL
IF (!3VTOTL .GT. 100) THEN

I-I'ITE(6,)? YN ERROR: TOTAL NUMBER OF BAUDS EXCEEDS 100
WtRlTE(30,)()' Xx ERROR: TOTAL NUMBER OF BAUDS EXCEEDS 100
GO TO 9999

ENDI F
* C

C ALLOW THE USER TO ENCODE THE PHASES
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C
IF (METHOD EQ. 2) THEN

LL 0
DO 490 1 1, NPAKS

I-RITE(6,111O) I

410 READ(5,*) MTHDPK
C

I'RITE(30,1110) I
IIRITE(30,11l1) 1, 1
WRITE(3O,0) I MTHDPK '.MTHDPK
LRITE(30,X)

C
IF (MTHDPK .LE. 0) GO TO 410
IF WU'THDPK GE. 3) GO 10 410
IF (H-THDPK .EQ. 1) THEN

DO 430 J =1, N1BAUDS(I)
LL = L + 1
DO 420 K =KMIN(LL), KMAXfLL)

DSEED = (K x 3.5729) + DSEED
CALL PHASE(DSEED,RIIDPHI,IPHI)
PHI(LI,K) =RNDPHI
IIPHI(LL,K) =IPHI

420 CONTINUE
430 CONTINUE

E NDI F
IF (MTHDPK .EQ. 2) THEN

DO 480 J =1, NBAUDS(I)
LL = L + I
WRITE(6,1120) 1, J

440 READ(5,X) IHOD
C

WRITEUi O,1120) I, J

NRITE(30,*) I !ITHDBD =',MTHDBD
WRITE(30,X)

C
IF (MIHDBD LIE. 0) GO TO 440
IF (tITHDBO GE. 3) GO TO 440
IF (MIHDBD .EQ. 1) lHENl

DO 450 K =KMINU(L), KMAX(IL)
NSEED =CK w5.7317) + DSEED
CALL PHASE(DSEED,RIIDPHI,IPHI)
PHI(II,K) =RlNDPHI
IIPII.I(LL,K) =IrHI

450 CON TI fu[
ENDI F
IF (rlTHOBO EQ. 2) THE14
UIIEC6 .1100)
IHRITEC6 ,1101)

WRITE(30, 1101)
C

D0 470 K = KMINUL), KMAXCIL)
460 WRITE(6,1130) 1, J, K

READ(5,)') IPHI
IIPIII(LL,K) =IPHI

11RITEC3O,1130) I, J, K

NRITE(3O,10
C

IF (IPHI .LE. 0) GO TO 460
IF (IPHI .GE. 5) GO TO 460
IF (IFHI .EQ. 1) PliI(LL,K) =(45.0 P1) /180.0

IF (IPHI EQ. 2) PHICII,Y.) =(135.0 PIF) / 180.0
IF (IPHI EQ. 3) PHI(IL,YK) =(-135.0 PI) / 180.0
IF (IPHI EQ. 4) FHI(IL,K) =(-45.0 X'P1) / 180.0

(47 0 COtNTINUE
ENDI F
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4,8 0 CONTINUE
END IF

490 CONTINUE
ENDI F

C
DO 550 LL 1, BDTOTL

C
C INITIALIZE VARIABLES
C

DSEED =(LL * 15.5987) + DSEED
LBAUD(LL) =LI

C COMPUTE:
C XCII) =DISTANCE THE TRANSMITTER TRAVEL.ED IN THE
C X-DIRECTION DURING THE 11TH BAUD
C

CALL GAUSS(DSEED,VXAVG,VXVAR,ZRIID)
VX(LL) ZR;ID
IF (IL GT. 1) X(LL) =X(LL-I) + (VX(II) * DELT(LI))

C
C
C COMPUTE:
C Y(LI) =DISTANCE THE TRANISMITTER TRAVELED IN THE

C Y-DIRECTION DURING THE 11TH BAUD
C

CALL GAUSS(DSEED,VYAVG,VYVAR,ZRIID)
VY(LL) =ZRNID
IF (IL .GT. 1) Y(LL) =Y(LL-1) + (VY(LL) X DEIT(LL))

C
C
C COMiPUTE:
C Z(LL) =DISTANCE THE TRANSMITTER TRAVELED IN4 THE
C Z-OIRECTIOII DURING THE L1TH BAUD
C

CALL GAUSS(DSEED,VZAVG,VZVAR.ZRIID)
VZ(LL) =ZRND
IF (IL .GT. 1) Z(LL) =Z(LL-l) + (VZ(LL) * DELTCLL))

C
C
C CONFUTE:
C C(LI) =THE SFEED OF SOUND DURING THE ITH BAUD
C

CALL GA?'-' DSEFIT.CO,CVAR,ZR!l
CCLI) =ZRND

C CONFUTE:
C R(LL ) =SLANT RANGE TO THE RECEIVER
C

XXX =ABSCX(.L))
YYY =ABS(Y(LL))
ZZ7 ABS(ZCLL))
R(LL) C XX)X*xZ.0 + YYY~r)2.0 ZZZl(,2.O )3(1(.5
IF (R(LL) .LE. RO) RO RCLL)

C
C COMFUTE:
C THETAOC LI) =ANGLE BETWIEEN THE SLAUr RANGE AND ZO
C

ARC = AI3S(LL)) / R(LL)
IHETAD(LL) =ACOSCARG) x (180.0/PI)
IF CTHETAD(LL) GT. THETAO) THEN

HRITE(6,?0
% )) WARNIG THETA IS GREATER THANI ',THETAO,1 DEGREES xx

% f THE RECEIVER CAN NOT RECEIVE THE SIGNIAL
IWIPTE(6,)()'
I-RITEC 30,)(

SWARNING: THETA IS GREATER THAN ' ,THETAO, ' DEGREES x*
HRITEC30,~)

%~ I THE RECEIVER CAN NOT RECEIVE THE SIGNAL Xx
HPITE(30,)l)'

ENDI F
C
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C INITIALIZE LIMITS FOR GRAPHS
C

IF (LL -EQ. 1) THEN
XXrIIN = INT(X1))
XXMAX = IJT(X(I)) + 1.0
YYMI1 = I NT(Y(1 ))
YYMAX = I NT(Y(1)) + 1.0
ZZIIN = IIIT(Z( I))
ZZMAX = ItHT(Z(1)) + 1.0
CCMItl = IIr(C( I))
CC'IAX = INT(C(1)) + 1.0
RRMINJ = INT(R(I ))
RRMAX = INT(R(l)) + 1.0
TH IMI = IIIT(THETAD(1))
THTIMAX = INIT(THETAD(1)) + 0.5

ENDIF
C
C SET LIMITS FOR GRAPHS
C

IF (XLL) LT. XX!IN) XXMIN = X(L)
IF (X(LL) GT. XXIIAX) XXIlAX = X(LL)
IF (Y(LL) .LT. YYMIN4) YY1I111 = Y(LL)
IF (YCLL) GT. YYMAX) YYrCX = Y(LL)
IF (Z(LL) LT. ZZ'MIII) ZZMIII = Z(LL)
IF CZCLL) GT. ZZtAX) ZZIIAX = Z(LL)
IF (C(LL) LT. CCMI U) CCMtIN = C(LL)
IF (C(LL) GT. CCMAX) CCNAX = C(LL)
IF (R(LL) LT. RRMIN1) RRMIII = R(LL)
IF (R(LL) .GT. RRMAX) RRMAX = R(LL)
IF (THETAD(LL) .LT. THTIHIN) THTIIIII = THETAD(LL)
IF (TETAD(LL) .GT. THTMAX) THTMAX = THETAD(LL)

C
C ASSIGII ALL THE PHASES RANDOMLY FOR EVERY PACKET
C

DO 500 K = KMIN(LL), KtAX(LL)
IF (METHOD EQ. 1) THEN

DSEED = (K x 2.767653) + DSEED
CALL PHASE(DSEEDRNDPHI,IPHI)
PHI(LL,K) = RHDPHI
IIPHI(LL,K) = IPHI

ENDIF
C

5no CONTINUE
550 CONTINUE

C
DO 660 LL = 1, DDTOTL

C
C COMPUTE:
C ALPHA(LL) = THE DOPPLER COMPRFSSIONJ FACTOR
C DOE TO THE MOVING TRANSMITTER
C

AVX = VXAV_ * X(LL)
AVY = V'YAV, X Y(LL)
AVZ= VZAVG * Z(LL)
ALPHA(LL) = (AVX + AVY + AVZ) / (R(LL)*C(LL))

C
C COMPUTE:
C DELALF(LL) = THE MAXIMUM CHAN4GE INI ALPHA FOR THE LTH BAUD
C (LL) = THE DOPPLER CHANNEL 4 NEEDED FOR THE LTH BAUD
C ALPHA'I(LL) = THE DOPPLER CHANNEL FACTOR FOR THE LTH BAUD
C NOTE:
C ALPHAM(LL) IS USED TO ESTIMATE THE SAMPLING
C FREQUENCY OF THE RECEIVED SIGIAL
C

DELALF(LL) = I / (8.0 W KMAX(LL))
AMIII = (ALPHALL) / DELALF(LL)) - 0.5
AMAX = (ALPHA(LL) / DELALF(LL)) + 0.5
M(LL) = INT((AIIN + AMAX) / 2.0)
ALPHACLI) .I(LL) X DELALF(LL)

C
C COMPUTE:
C TAUL(LL) m THE TIME DELAY DUE TO THE SIGNAL TRAVELING
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C THROUGH THE MEDIUi OR CHANNEL AND THE RECEIVER
C FOR THE LTIi BAUD
C

TAUL(LL) = R(LL) / C(LL)
C

IF (lL EQ. 1) THEN
ALFMIN = INT(ALPHA(1))
ALFMAX = INT(ALPHA(1)) + 0.1

ENDI F
IF (ALPHA(LL) .LT. ALFMIII) ALFMIN = ALPHA(LL)
IF (ALPHA(LL) .GT. ALFTIAX) ALFMAX = ALPHA(LL)
PTOT(LL) = 0.0
NOSVAR(LL) 0.0
DO 640 K = KMIt|(LL), KrIAX(LL)

C

C COMPUTE,
C Ul = THE RECEIVE SIGNAL SAMPLE START TIME
C DELU1 = THE SYNCHRONIZATION ERROR
C
C NRITE(6,1140) LI, K
C1140 FOR1IAT(/,2X,'ENTER THE ESTIMATED RECEIVE SIGNAL START TIME ',/,2X,
C ' FOR BAUD NUMBER ',14./,4X,
C ' AND THE TIME DELAY 1HROUGH THE TRANSMITTER ',/,4X,
C % ' ELECTRONICS FOR TONE NUMBER ',14,' .,. '
C READ(5,,) UHATI(LL), TAUK(K)

TAUK(K) = 0.005
Ul = TAUL(LL) + (TAUK(K) x (1 + ALPHA(LL)))
UHATI(LL) UI
DELUI zU - UHATI(LL)

C

C COMPUTE
C NU(LL,K) A RANDOM SEQUENCE OF TIMING JITTERS
C

NU(LL,K) = (DELUI/DELT(LL)) X (KX(LL)/(I+ALPHAM(LL)))
C

C COMPUTE:
C AA(LL,K) = THE AMPLITUDE OF THE RECEIVED SIGNAL, WHICH IS
C I FOR ALL LL AND K IF NORMALIZED AMPLITUDES ARE
C DESIRED (I.E., IAIP=I), OR ATTENUATION FACTOR
C DUE TO THE TRANSMISSION LOSS IF N1ORMALIZED
C AIIPLITUDES ARE NOT DESIRED (I.E., IAr.IP=O)
C

IF (IAMP EQ. 0) THEIN
C

C CONPUTE:
C ABSORP = THE AMOUNT OF ABSORPIION IN DB/FI AT 4 DEGREES C
C AT A DEPTH OF APPROXIIAIELY 3000 Ff
C

FREQ = (K N DELF(LL)) / 1000.0
FF = FRE(*x2.0
ABSORP = (0.003 4 C (0.1wFF) / (14FF)

+ C (40.O FF) / (4.100+FF) )
+ C 0.000275 * FF )) / 3000C

C TXDEP = THE DEPTH THE TRANSMITTER IS BELOH THE SURFACE IN FEET
C

TXDEP 1000.0
ZTOTAL TXDEP + ABS(Z(LL))

AAUNDB = 10 W)f (ADSORP / 20.0)
IFAC = INT((ZTOTAL - 3000.0) / 1000.0)
IF (IFAC .LT. 0) FACTOR = 1.02
IF (IFAC .GT. 0) FACTOR = 0.98
IIFAC = ABS(IFAC)
IF (IIFAC fIE. 0) THENI

DO 620 1 1, IIFAC
AAUNDB AAUNDb * FACTOR

620 CONTINUE
ENDIF
ABSURP = 20.0 , ALOGIO(AAUNDB)

C COMIPUI E!
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C TLI THE TRANSMISSION LOSS III DB DUE TO SPHERICAL-SPREADING
C AND ABSORPTION OF THE ACOUSTIC CHANNEL
C

TI (20.0 X ALOG1O(ZTOTAL)) + (ABSORP ZTOTAL)

AA(LI,K) = 1G.OX*(-(TL/20.0))
ELSE

AACLI,".) =1.0
ENJDI F

C
C COMPUTE THE NOISE VARIANCE FOR THE DESIRED
C WIDE BAND SIGNIAL-TO-NOI1SE RATIO
C
C PTOT(LL) =THE TOTAL POWER OF THE LLTH BAUD
C NOS5VARCLL) =THE NOISE VARIANCE OF THE LLTH BAUD
C

PTOT(LL) PTOT(LL) + ( (AA(LL,K)XX2)/2.0)
640 CONTINUE

KPTS(LL) =(KMAX(LL) - KMINI(LL)) .+I

IOSVAR'LL) = (PTOT(LL) XE KX(LL)) /(2.0 ~ESNRIN KPTS(LL))
660 CONTINUE

C
II =0
RXtIAX =0.0
RXMIII =0.0
NOSAVG =0.0
IJOISE =0 ,0
D0 700 LL 1, BDTOTL

DO 690 N4 1, KX(IL)
NSEED =(LL * 32.7673) + DSEEO
CALL GAUSS(DSEED,IIOSAVG,NIOSVAR(LL) ,NOISE)
YRX 0. 0
NN N - I
11 11 + I
TIUIE(1I) Il - I
DO 650 K rKM1N(LL), KMAX(LI)

C
C
C COIMPUTE:
C YP.X =THE RECEIVED SIGNIAL WITH ALL OF THE ABOVE
C PARAMlETERS CO!1BINED FOR THE ITH BAUD
C AT TIME = NN OVER ALL KIN TO KMAX FREQUENCIES
C

YY =AACLL,K) X COS( (((2xPIWK)/KX(LL))
% (Cl-!APHANl(LL)) / (1+AIPHA(LL)))

(1NH - NU(LL,K))) + PHI(LL,K))
YRX mYRX + Y

680 CONTINUE
YYRY.(II) =YRX + NOISE
IF (YYPXC II) GT. RXIIAX) RXMAX =YYRX(II)
IF CYYRi(A(II) IT. RXtlIN) RXrlIN =YYRX(II)

690 CO!ITI HUJE
700 CONTINUE

C
NPTS I I
KLI 0
DO 710 ILL 1, BDTOTL

KLI KLI + KPIS(IL)
710 CO!IT1IIUJE

HRITE(30,2000) ELI
I-IITE(30,2021)' LI K PHI(LL,K) IPHI
DO 760 LI 1, BDTCTI

DO 720 K KMINCLI), KMAX(LL)
W-RITF(30..2010) LI, K, FHI(LI,K), IlrHI(LI,K)

720 CONTINUE
740 CONTINUE

C
C COMPUTE THE OFT OF THE OUTPUT (RECEIVED) SIGNAL
C

IF (ID)4 EQ. 1) THEN
RYXKI1; 0.0
RXKtltX 0 - 0
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DO 800 LL =1, BDTOTL

IF (LL EQ. 1) THEN4

ELSE
JJ = JJJ + 1

ENDIF
KXMH1 KX( LL) I
JJJ =JJ + KXI-l
D0 760 J JJ, JJJ

RXIIICII) CMPLX(YYRX(J),O.O)
II II +

760 CONTINUE
CALL DFT(KXTII,RXINl,RXOUT)

C
C CONVERT OUTPUT DATA TO EXPONENTIAL FORM, I.E., RXKM()XEXP(JXRXKP()
C

DO 770 I = 0, KXMl
RXKMCI) =SQRT( (REAL(RXOUT(I))))2 + (AIMAG(RXOUT(I)))*x2
IF (ABS(REAL(RXOUT(I))) .GE. I.E-15) THEN

RXKP(I) =AlAI2(AIIAG(RX0UT(I)), REAL(RXOUT(I)))
ELSE

IF (ABSCAIrAG(RXOUT(I))) LE. I.E-15) RXKP(I) z0.0
IF (AIIMAG(RXOUT(l)) .GT. l.E-15) RXKP(I) P1/2.0
IF (AIMAGCRXOUTCI)) .LT. -i.E-iS) RXKP(I) -P1/2.0

ENDI F
RXKPP I) =(RXKP(I) x !0.0,) , FI

770 CONT IN1UE
C
C WRITE OFT INPUT AND OUTPUT TO A FILE
C

IRITE(30,2200) LL
DO 780 I 0, KXMI

H-RITEC3O,2210) I, REAL(RXIN(I) ), AIMAG(RXIJ(I) )
780 CONTINUE

IWRITE(30,2220) LL
IF (1IIND01- EQ. 0) THEN

I tNI N=
I MAX KXtil
1-!tI I 0
)JNAX KXt11

ELSE
11.11 K MIl ( L L)
IHAX Ki;X( L L)

1 N KI IJ1( L L)
I IlAX KINAX( L L

ENIJI F
KXX = CIL!X - IMIN1) 1
DO 790 I = I1?), IrlAX

IIRITE(30,2230) 1, REAL(RXOUT(I )), AIH-AG(RXOUT(I)),
RXr,?ICI), RXYPD(I). RX(KP(I)

IF (RXKt(I) .LT. RXKr1IN) RXKfilt RXrrlcI)
IF C RXKtl(I) .GT . RXKf1AX) RXKIIAX nRYKt1( )
KFRFQ( I) I

790 CONTINUE
C
C PLOT THE OFT OUTPUT
C

LI!RITECELABEL, 2300) LL
IF (LL EQ. 1) CALL COMPRS
CALL PAGE(1l,8.5)
CALL NIOBDRR
CALL AREA2D(8,6)
CALL XNIAHE(l FREQ (K) S1,100)
CAL L YIIAIIE( I MAGNITUDE S' , 100)
CALL HEADIN(' OFT OUTPUT OF THE RECEIVED SIGNAL t',100,4,2)
CALL HEADIN(PLAOEL .100. 3.2)
CALL GPAF(IN1IN, 'SCALEI IlfAX,RXKrlll, 'SCALE',RXKM1AX)
CAI L GRI P( l,1I
CALL SEICLR( 'HAGENTA')
IF (V.!!X LE. 100) THEN

CALL CUr.'E(KFREQ(IllIN),RXKr-M(IHiNl,KXX,-l
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CALL VLIIE(II11l,,IiAX,KFREQ,RXKM)
ELSE

CALL CURVE(KFREQ(IMIN),RXKM(IH11IN),KXX,O)
EIJDI F
CALL ENDGR(O)
CALL ENDPL(O)

C
CALL PAGE(11,8 5)
CALL N4OBRDR
CALL AREA2D(8,6)
CALL XNAMIE(' FREQ (K) 1',100)
CALL Y14AWE(' PHASE (DEG) $',100)
CALL HEADIN(' DFT OUTPUT OF THE RECEIVED SIGNAL $',100,4,2)
CALL HEADIti(PLABEL, 100,3,2)
CALL GRAF(IHIIN, 'SCALE' ,IMAX,-180.0, 45. 0,180.0)
CALL GRID(1,l)
CALL SETCLR('IIAGENTA')
IF (KXX .LE. 100) THEN

CALL CURVE(KFREQ( IIIN),RXKPD(I1INi),KXX,-1)
CALL VLIIE(IMlIIN,IrIAX,KFREQ,RXKPD)

ELSE
CALL CURVE(KFREQ(IMll),RXKPD(IMIN4),KXX, O)

ENDI F
CAI L EIDGR(O)
CALL ENDPL(0)

&00 CONTINUE
ENDIF

C
C FORMATS
C

1000 FORAT(/,2X,
% 'PLEASE ENTER THE INITIAL POSITION XO,YO,ZO (FT) ',/,2X,
% ' OF THE RECEIVER RELATIVE TO THE TRANSMITTER ... ')

1001 FORAT(/,2x,
/ 'ENTER THE TRAISMITTER"S VELOCITY AVERAGE A';D VARIANCE',/,2X,
%.' IIN THE X, Y, Z-DIRECTIOtIS (FT/SEC) AND (FT/SEC)**2 ... ',/,2X,

(I.E. VXAVG, VXVAR, VYAVG, VYVAR, VZAVG, VZVAR) ')

1002 FORAT(/,2X,
'LIiTEK, THE AVERAGE SPEED OF SOUND III Fl/SEC ',/,2X,
" AID THE VARIAICE III (FT/SEC)x2 .

1003 FORIAT(/,2X,
'ENTER THE TRANSMITTER"S DOWN LINK TRANSMITTED ',/,2X,

HALF BEAl IIIDTH ANGLE (DEG) ... ')

1004 FORtIAT(/,2X, 'DO YOU .ANT NORMIALIZED AMPLITUDE ',
: 'FOR THE RECEIVED SIGIIAL?',/,2X,
:" 1 PLEASE ErIER 1:YES OR 0010 .

1010 FOR(IAT(2X, 'EriER THE # OF PACKETS IN THE TRANSMITTED SIGNAL .
1020 FORIIAT(/,2X,

% 'ENTER THE BAUD TYPE 9 CORRESPONDING TO THE FOLLOIIING
1021 FORMAT(2X, ' EAUD LEIGRH FOR PACKET NUMBER ',14,' ....
1022 FCRNAT(/,1OX, ' 1 : BAUD LENGTH (DELT) r 1/260 SECONDS ')
1023 FORM1AT(IOX,' 2 BAND LENGTH (DELT) 1 1/120 SECONDS )
1024 FORMAT(IOX,' 3 BAND LENGTH (DELI) = 1/60 SECONDS
1025 FORAT(IOX, ' 4 BAUD LENGTH (DELI) = 1/30 SECONDS ')
1026 FORMAT(1OX,' 5 BAUD LENGTH (DELI) = 1/15 SECONDS ')
1027 FORMAT(/,2X,'ETER THE NUMBER OF BAUDS IN PACKET NUMBDER: ',14,' ..

1030 FOPr.AT(//,2X,'HOULD YOU LIKE THE DISCETE FOURIER IRANSFORM ',/,
% 2X,' OF THE OUTPUT SIGNAL ? (ENTER 1:YES OR 0:110) ... )

1040 FORIIAT(/,2X,
% 'W.-OULD YOU LIKE THE DFT OUTPUT WINDO.ED ? ',/,2X,
X ' ENTER I:YES OR 0:1O . ..

1050 FORItAT(/,2X,
% 'PLEASE EIITER THE DESIRED INPUT HIDE BAND ',/,2X,
%. I SIGNAL-TO-NIOISE RATIO INI DB ... )

1100 FORItIAT(/,2X,
%. 'THIS PROGRAM ENCODES A QPSK MULTIFREQUEIICY SIGIAL.',/,2X,
% I THE PHASES ARE SHOWN BELOW FOR ONE FREQUENCY ... ')

1101 FORtMAT (//,
6X .,' ' ' ','

Z 6X, X,
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% 6X. 2, ' /
6X, I I I

6X,' I,
" 6X, /,
4 6X . /,

6X, /,
% 6X,' ,

4 6 X , 3 6 , / ,

1102 FORMAT(/',2X,
% 'SELECT ONE OF THE FOLLONING METHODS FOR ENCODING ',/,4X,
% 'THE PHASES FOR EACH FREQUENCY FOR EVERY BAUD ',/,4X,
;: 'WITHIN EACH PACKET ... 1)

1103 FORWAT(/,5X,'ENTER ... ',/,7X,
N '1: THE PROGRAM RANDOMLY SELECTS ALL THE PHASES ',/,7X,
% ' FOR ALL ',I4,' PACKETS ',/,7X,
% '2: YOU INDIVIDUALLY SELECT THE PHASES '

1110 FORrIAT(//,2X,
% 'SELECT ONE OF THE FOLLOHING METHODS FOR ENCODING ',/,4X,

'THE PHASES FOR PACKET NUMBER: ',14,' ... )
1111 FORWAT(/,5X,'ENTER ... ',/,7X,

% '1: THE PROGRAM RANDOMLY SELECTS ALL THE PHASES ',/,7X,
' FOR PACKET NUMBER: ',14,/,7X,
'2: YOU INDIVIDUALLY SELECT THE PHASES ',/.7X,

% I FOR PACKET NUMBER: ',14)
1120 FORMAT(//,2X,

" 'SELECT ONE OF THE FOLLOHING METHODS FOR EHCODING ',/,4X,
" 'THE PHASES FOR PACKET NUMBER: ',14,' BAUD NUMBER: ',14,' ...

1121 FORrAT(/,5X,'ENTER ... ',/,7X,
'1: THE PROGRAM RANDOMLY SELECTS ALL THE PHASES ',/,7X,

FOR PACKET NUMBER: ',14,' BAUD IUMBER: ',I4,/,7X,
" '2: YOU INDIVIDUALLY SELECT THE PHASES ',/,7X,

I FOR PACKET NUMBER: ',14,' BAUD NUMBER: ',I4)
1130 FORMAT(//,2X,

'PLEASE ENTER THE DESIRED QUADRANT FOR THE PHASE ',/,4X,

N 'OF PACKET NUMBER. ',l4,' BAUD NUMBER: ',14,/,4X,
N 'FREQUENCY NUMBER (K): ',14,'

C
2000 FORHAT(I8)
2001 FORI1AT(A31)
2010 FOP.IT(2X,16,2X,16,2X,FiO.3,2X, 14)
2020 FORFIAT(//,2X,18)
2100 FORMAT ( 2X, 16, 4X, F14.4)
220U FOFRAT(/,2X,' DFT INPUT DATA FOR BAUD f ',14,/,SX,

!, 'N',5X,'REUL PART',5X,'1?IAG PART')
2210 FORIIAT(2X, 1",2), E12.6,2X, E12.6)
222G FORIMAT(//,2X,' OFT OUTPUT DATA FOR BAUD # ',14,/,5X,

"'K',7X,'REAL PART',7X, 'ItIAG PART',7X, 'MAGNITUDE',16X,'PHASE',/,
' 6 X ' (DE)' , lX, '(RAB)')

2230 FORNtT(2X, 1,2X, El 6.8,2X, El14., 2X, El .8,4X, Ell.8,2X, El6 .)

2300 FORMIAT( ' FOR DAUD NUDER ',14,' '
C
C PLOTTING

XX~i'= INT(XXMIN) - 0.2
XYA, 

=
1 INT(XxHAX) + 0 .2

Y(NIN INIT(YfIN) -0 .2
YY!t, Y INT(YYMAX) + 0.2
ZZHIN INT(Z7IHI ) - 0 .2
ZZW X INTk ZZMAX) + 0 .2
CCrIti ItT CCft1IN) - 1 0
CC.',X =I INT CCIIAX) + 1 0
Rr ll)I = ItT(RR-Il ) - 1 0
F. Y NT= I T(RRI1AX) + 1 0
AL FIIN I1T( ALF111) - 0.2
A1 F:U, > IIT(ALFI.*X) + 0.2
T I I IN[T(THTMIH) 0 .4
TUIrl;,4 INlI( THti~A>.) + 0.4

IF (ILFT .EQ. 0) CALL COMPRS
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CALL PAGE(11,8.5)
CALL NOBRDR
CALL AREA2D(8,6)
CALL XtIArIC( : TIM (N 100)
CALL YI1AMEC MAL3NITUDE 1 1,00)
CALL HEADIIN(' RECEIVED SIGNAL $',100,3,I)
CALL GRAF(0, 'SCALE',NIPTSRXIIN, 'SCALE',RXfiIAX)
CALL GRID(1,1)
CALL SETCLR(*GREEti')
CALL CURVE(TIME,YYRX,llPTS,0)
CALL EfNDGR(O)
CALL ENDPL(O)
IF (BDTOTL .GT. 1) THEN

CALL PAGE(11,8.5)
CALL NODROR
CALL AREA2DC8,6)
CALL XtIAME(' BAUD (LL) V',100)
XXM =XXfIAX - XXIltl
IF (XXI .GE. 100.0) THEN

XXHIN =XMIN / 1000. 0
XXMAX = XXMAX / 1000.0
CALL YNAMEC' X(LL) (KFT) $',100)
DO 900 1I 1, BDTOTI

X(I) =XCI) / 1000.0
900 CON1TINUE

ELSE
CALL YtMAME( ' X(L L) ( FT) $',100)

ENDI F
CALL HEADIUC(' X-POSITIOI $',100,3,1)
CALL GRAF(1, 'SCALE', BDT0TL,XXMI4, 'SCALE' ,XXIIAX)
CALL GRID(14l)
CALL SETCLR('CYAtl')
CALL CtURVE(LBAUD,X,BDTOTL,O)
CALL ENDGR(0)
CALL ENDPL(0)
CALL PAGE(11,8.5)
CALL NOBP.DR
CALL AREA21)(8,6)
CALL XNAMEC BAUD) (LL) 1',100)
Y~fl YYllAX -YYL1IN

IF (YYM GE. 100.0) THEN
YY1MIN = YYIIIN / 1000.0
YYMAX =YYMAX / 1000.0
CALL YNA!IE( ' Y(LL ) (KFT) s',100)
DO 905 1 =1, bDT0TL
Y(I) =YCI) / 1000.0

905 CON I INUE
ELSE

CALL YNAMEC' Y(LL) (FT) $',100)
ENDI F
CALL HEADIUC ' Y-P031TION S ',10013,1)
CALL GRAF ( 1 , ' SCALE' , BDT OT L ,YY1I N, 'SCAL E' ,YYMAX)
CA'L GRII 1)
Cl -L SETCLPC 'M-AGENTA'
CALL CLJRVE L BAUD,Y, BDTOTL ,0)
CALL ENDOR(O)
CALL ENDEL(O)
CALL PAGEC11,8.5)
CALL NOBPDOR
CALL AP.EA2D(8,6)
CA LL MIM~E( 'BALID ML) $',100)
Zz'1 ZZ1NAX -ZZMIlN

IF (ZZ11 GE. 100.0) THEN
ZZHIiN =ZZrMIri / 1000.0
ZVIAX =ZZllAX / 1000. 0
CALL YIJAt!EC' Z(LL) (KFT) $'100)
Do 910 1 =1, BDTOTL
ZMIz Z(I) / 1000.0

910 CONTINUE
E L 5

CALL YNAr1E( ' Z(L.L) (FT) $',100)
ENDI F
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CALL HEADIUC' Z-POSITION 11,100,311)
CALL GRAFC1, 'SCALE',BDTOTL,ZZ11Nl, SCALE',ZZMIAX)
CALL GRIDC1,1)
CALL SF.TCLRC'EILUE')
CALL CURVE( LBAUD,Z, BDTOIL, 0)
CALL ErDGR(O
CALL ENOPL (O0)
CALL PAGECI1,8.5)
CALL NOBROR
CALL AREA2D(8,6)
CALL XIIAM*EC' BAUD (LL) 11,100)
CCri= CCMAX - CCMI1I
IF (CCMAX GE. 100.0) THEU

CCH1IN = CilIN / 1000. 0
CCMAX =CCIIAX / 1000.0
CALL YIIA!1(' C(LL) (KFT/SEC) $1,100)
DU 915 1I 1, BDTOTL

CCI) =C(I) / 1000.0
915 CONTINUE

ELSE
CALL YrfAr1EC ' C(LL) (FT/SEE) $1 1100)

CALL HEADINC' SPEED OF SOUHD $1,100,3,1)
CALL C'RAFCl, 'SCALE',BDTOTLCCIIl, 'SCALE',CC1IAX)
CALL GRID(1,1)
CALL SETCLRC'RED')
CALL CURVECLBAUD,C, BDTOTL, 0)
CALL ENLUR, 0)
CALL ENDPLMO
CALL PAGEC11,8.5)
CALL NOORDR
CALL AREA2D(8,6)
CAL L XNAMEC BAUD (LL) $',100)
M! = RRMAX - RMI N
IF (RRL1 GE. 100.0) THEN

RRM.IN= RRMI / 1000.0
RRHAX =RRt1AX / 1000.0
CALL YNAHEC' RCLL) (KFT) $1,100)
DO 920 1I 1, EDIOTL

R(1) =R(I / 1000.0
920 CONJTINUE

EL 55E
CALL YlAr)E( ' R(L L (FT) $', 100)

*ElENDI F
CALL HEADINC'I SLANT RANGE TO RECEIVER $',100,3,1)
CALL GRAFC1, 'SCALE', BDTOTL,RRIN, 'SCALE' .RRIIAX)
CALL C'RID(1,1)
CALL SETCLP('G.EElJ')
CALL CURVE(LBAUD,R, BDTOTL,0)
CALL ENDLSC0)
CALL EIIDPL(0,
CALL P'AGE( 11,8 . 5)
CA'LL ltIUDR
CALL AP.EA2D(8,6)
CALL YNIAM E ( I BAUD ML) S',100)
CAILL YNA2 ?E( I ALPHA(LL ) t' , 100)
CALL HEADIICOFFE331ON1 FACIOR DUE TO THE MOVING TX '0,3)
CA LL GP.F(1,.$CAkLE,BDrOTL,ALF-1N1,SCAE,ALF.1AX)
C~aLL GRID(1,1)
CALL SE(CLP('P.ED')
CA LL CURVE(LBAUJD,ALPHA,BDTOTL,O)
CALL EN[)GP.(
CA LL ENDFLC(0O
CALL PAGE(I1,8.5)
CALL 110DRDR
CAL L AP.Ef,2D(&,6)
CAL L XNAMCC ' BAUD (IL) 1' ,100)
CA L L YNI A'lI( THETA(IL) (DEG) S',100)
C AL L HE AD I t ! 3 LE PBE T IIE ENI R (L L) ANtID ZO $'100 ,3 , 1
C AL.L GP.A[CI'SCALE' ,BDTOTL . HT111I SCALE' THIMAX)
CA LL G c IC U1 , 1)
CALL SCICLP( 'BLUE')
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CALL CURVE(LBAUD,THETAD,BDTOTL,O)
CALL ENDGR(0)
CALL ENIDPL(O)

ENDI F
CALL DOIIEPL

9999 STOP
END

C
SUBROUTINE GAUSS(DSEED,AVG,VARZRND)

C
C THIS SUBROUTINE GENERATES A GAUSSIAN RANDOM NUMBER WITH
C MEAN = AVG AND VARIANCE = VAR
C
C INPUTS: DSEED = A DOUBLE PRECISION SEED THAT 11UST BE A VARIABLE
C AVG = THE MEAN OF THE GAUSSIAN RANDOM VARIABLE
C VAR = THE VARIANCE OF THE GAUSSIAN RANDOM VARIABLE
C
C OUTPUTS: DSEED = THE SEED IS CHANCED DURING EXECUTION WHICH IS
C REQUIRED FOR THE IIEXT SUBROUTINE CALL
C ZRND = A GAUSSIAN RANDOM NUMBER ITH MEAN AVG AND
C VARIANCE = VAR
C

REAL AVG, VAR, ZRND
DOUBLE PRECISION ZZ, DSEED, URND
ZZ = 0.0
DO 3000 I = 1, 12

DSEED DSEED + 13579345.1397537
URND GGUBFS(DSEED)
ZZ = (URtID - 0.5) + ZZ

3000 CONTINUE
ZRND = (ZZ x (VARXxO.5)) + AVG
RETURN
END

C
SUBROUTINE PHASE(DSEED,RIIDPHI,IPHI)

C
C THIS SUBROUTINE SELECTS A PHASE RANDOMLY FROM QUADRANTS 1 TO 4
C
C INPUTS: DSEED = A DOUBLE PRECISION SEED THAI MUST BE A VARIABLE
C
C OUTPUTS: DSEED = THE SEED IS CHANGED DURING EXECUTION WHICH IS
C REQUIRED FOR THE NEXT SUBROUTINE CALL
C RNDPHI = A RANDOM PHASE FROI. ONE OF THE FOUR QUADRANTS
C IN RADIANS
C IrHI = THE QUADRANT NUIBER OF THE RANDOM PHASE
C

REAL PHIRID, RNDPHI
DOUBLE PRECISION DSEED
INTEGER IPHI

C
PI = .0 ATANCI.0)
PHIRD = 0.0
IFHI = 0
PHIRND = GUB)FS(DSEED)
DSEED = DSEED + 127.453
FHI RND = (PHIrtiD 4.0)
IPHII = INT(FHIRND) + 1
IF (IPI EQ. I) ptifrHI = (45.0 * P1) / 180.0
IF (IrHI EQ. 2) RHDPHI =  (135.0 * PI) / 180.0
IF (F'141 EQ. 3) RHDPHI = (-135.0 * PI) / 180.0
IF (IPHI EQ. 4) RNDFHI =  (-45.0 PI) / 180.0
RETURN
END

C
SUBROUTINE DFT(NMI,XIl,XOUT)

C THIS SUBROUTINE COMPUTES THE DISCRETE FOURIER TRAIISFOR11 OF
C A COIIPLEY DATA SET OF ti (- IWII ) POINTS STORED IN THE ARRAY XINI
C THE RESULT IS STORED II THE COIIPLEX ARRAY XOUT
C

CONPLEX XIN(0:NfI ), XOUT(O:INI4 ), 11, I'V)
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P1 4.03*ATA14(l.0)

W12 = fri1 - 1
IF (til-1 EQ . 0 ) THEN

ELSE rXU0

BETA =2.0 * PI EU
1-1 CIIPLX(COS(BETA), -SIN4(BETA))
DO 3110 K =0, IMI

XOUTMK = XIIJ(NM,1)
DO 3100 L M1112, 0, -1

XOUT(K XOUT(K))LJM + XI(L)
3100 CON)TINUE
3110 CON4TI1NUE

ENOIF
RETURN
END

C
SUBROUTINE VLItIE(JI,Jl,.XARPAY,B)

C
REAL XARRAYCO:4096), B(0:4096)

C
C DRAW VERTICAL LINES
C

DO 3200 JLINE =JI, J11
XFROM = XARRAYCJLINE)
XTO = XFROM
YFROM = 0.0
YTO =B(JLINE)
CALL RLVECCXFROMi,YFRDM-,XTO,YTO, 0000)

3200 CONTINUE
RETURN
END
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